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INTRODUCTION 



The purpose of this manual set is to provide the user with infor- 
mation that will aid him in solving problems. Because of its great 
cost reduction the SPHERE computer system has introduced computing 
to many new applications. These new applications are often thought 
up by first time computer users, therefore, a new approach to the 
manual organization has been taken. There are sections which should 
be of interest to the hobbyist, other sections will satisfy the needs 
of the advanced user, and others will be of interest to both advanced 
and novice users. It would be suggested that you glance through the 
information that is found in this manual so that you may effectively 
use it for future reference. 



1.1 SYSTEM DESCRIPTION 



The SPHERE system contains a central processor, memory, input and 
output devices just as other digital computers on the market today. 
The system is a fully capable general purpose computer. Because of 
its size one might be deceived into believing that it has limited 
capability. The SPHERE system is far more capable than the UNIVAC 1 
which cost $1,000,000 to insurance and other firms in early commercial 
computing. Yet one UNIVAC 1 was used to handle the maintenance, 
billing, and claims of a million different insurance policies. A 
million dollars for a UNIVAC 1 was an honest cost justified expense 
which saved many millions of dollars. The advent of the microprocessor 
has reduced the' size and price of the computer. Computing ability and 
computing speed continue to increase. These capability increases mean 
substantial changes in the way we think about computers. When the 
computer cost $1,000,000, a million dollars to program the computer to 
run "efficiently" was justifiable. Today, a million dollar programming 
effort on a $1,000 or less computer is ridiculous. People and their 
time are valuable. COMPUTING EFFICIENCY AT THE EXPENSE OF A VALUABLE 
PERSON'S TIME is a waste of a valuable resource. The SPHERE system is 
the first designed around people and their needs. 



1.1.1 SOFTWARE 



The Program Development System (PDS) includes an EDITOR, MINI- ASSEMBLER , 
and a debugging package. It also may include a CRT, floppy disk and 
audio cassette software drivers. Although most computer processing 
occurs at the character (8 BIT) level, it is sometimes desirable to 
use 16 bit arithmetic so we have provided an extended 16 bit instruc- 
tion set in the PDS system. This package rounds out the "SYSTEM" con- 
cept for our smallest systems. There are proponents of various computer 
languages everywhere. Each language is suited more or less to a specific 
group of applications. Although the advent of the microprocessor really 



1-1 



1 INTRODUCTION 
1.1 SYSTEM DESCRIPTION 
1.1.1 SOFTWARE cont'd 



dictates some new philosophies in computing language, the BASIC 
language seems to come closest to this philosophy. Because of 
its widespread use we have selected it to be our fir^t computer 
language. A SPHERE operating system is supplied to ail users of 
SPHERE equipment. The software is set up to the configuration 
required for that system's hardware. This system includes a com- 
prehensive 300 page operator^ manual. The software supplied to 
make the SPHERE system a useful "SYSTEM" is attractive; however, 
the real contribution that SPHERE offers is one of commitment. 
The SPHERE "SYSTEM" concept demonstrates only the surface of the 
real technological advances that are possible when true design 
innovation is combined with foresight and state-of-the-art 
technology. The SPHERE "SYSTEM" concept is the commitment. The 
fundamentals of software are discussed in section 2-3. Details 
on SPHERE software are contained in section 9- 



1.1.2 HARDWARE 



The SPHERE computer system was designed to provide an uncompromising 
computer system at minimal cost. The keyword to the design is the 
word "SYSTEM". Every phase of the design has been influenced by the 
"SYSTEM" philosophy. To justify the system title, a "COMPUTER" must 
perform an application acceptably. Recently, the cost of peripherals 
and software have substantially exceeded the cost of the computer, but 
without them, a computer cannot perform much of anything acceptably. 
With the onset of the microprocessor, real design innovations have 
been possible, but without the system philosophy, a microprocessor 
can only reduce the processor cost. Peripherals , memory, and soft- 
ware continue to be expensive. The SPHERE computer is uniquely cost 
effective because it utilizes real design innovations to reduce the 
amount of circuitry required throughout the system. The SPHERE add-on 
memory board will support k, 8, 12, or l6K of dynamic random access 
memory. Our power supply has been placed in a separate chassis to 
eliminate a common source of heat. This allows the system to run 
cooler and eliminates the need for an expensive fan. The system uses 
a standard TV monitor for a 512 character display. The use of the TV 
and other common components has reduced the cost and allowed more 
machine versatility. Further cost reductions have been achieved by 
replacing the front console (lights and switches) with the TV terminal, 
keyboard, and a program in Read Only Memory (ROM) that performs the 
same function, only better. The CPU card is packaged to provide all 
of the basic functions required by a useful system, thereby eliminating 
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unnecessary extra PC BOARDS. Peripherals that are available 
with our system include a low cost line printer, audio cassette, 
teletype, modem, and a floppy disk. Also available is a pro- 
grammable digital Input/Output port. The SPHERE system also 
supports its own set of terminals, the lowest cost terminals 
available today. 



1.2 DIGITAL COMPUTER HISTORY 



The digital computer is an outgrowth of thought and effort 
spanning three centuries , directed at reducing the time and 
tedium of human calculation. Plaise Pascal, the French mathe- 
matician and philosopher, developed in 16^2 the first mechanical 
calculating machine. Proposals for new, and more powerful, com- 
puting devices appear in nineteenth century literature. In 1812 
the Englishman, Charles Babbage, constructed in mechanical form 
the recognized prototype of the computer. His "analytical engine" 
had a "store" (the equivalent of internal memory) and a "mill" 
(the equivalent of an arithmetic unit), and it was designed to 
accept input data in the form of cards with holes in them, an idea 
that Babbage borrowed from Jacquard's loom. In 1889, Herman 
Hollerith, a statistician employed by the United States government, 
developed and patented the first line of primitive punched-card 
equipment consisting of a punch, a sorter, and a tabulator, to aid 
in the compilation of the 1890 census data. The era of the modern 
computer dates from the late 1930' s. The years 1939 to 19HU mark 
the successful development, at Harvard University, of the first 
automatic, general-purpose digital computer (electro-mechanical). 
The Automatic Sequence Controlled Calculator, as the machine was 
called, was developed by Professor Howard Aiken with financial and 
technical assistance from the IBM Corporation. At about the same 
time, pioneering work in this area was also being done by George 
Stibitz of Bell Laboratories, who developed an electro-mechanical 
automatic digital computer. Concepts of modern digital computers 
were defined in detail between 19^3 and 19^6 by John von Neumann, a 
Hungarian mathematician working at Princeton University, and by the 
team of J. P. Eckert and J. W. Mauchly of the University of 
Pennsylvania, who perfected and built ENIAC (Electronic Numerical 
Integrator and Computer), the first electronic digital computer, 
in 19^6. 
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Since then, the development of computer technology has accelerated 
in an explosvie fashion. Never before has a technological product 
"been developed and improved to such an extent over such a brief 
period. The modern computer is a far cry from its calculating 
precursors indeed. It must be pointed out that the connotation 
of the term "computer" is now, unfortunately, somewhat misleading 
as it evokes the image of "computing", i.e., some arithmetic 
operation with its manipulation of numerical data. The notion 
that the computer is a strictly numerical device is quite incorrect. 
A computer is basically a symbol-manipulating device and numerical 
symbols are merely one of the symbol classes that the computer can 
manipulate. The computer is a machine that duplicates and amplifies 
certain powers of the human mind. It provides an extension to man's 
intellect. It has been called the universal machine and man's 
ultimate machine. In the latter sense, it is seen as the supreme 
technological achievement, because the computer deals not in raw 
power but in the sublime, abstract processes of mental work. In this 
connection, we should realize that before the advent of computers, 
practically every other tool or machine ever invented and built served 
as an extension of man's legs (locomotion), back muscles (materials 
displacement), or arms and hands (manufacturing). Today's most 
advanced machines such as the bulldozer, the combine, the automatic 
machine tool, the jet plane, and the rocket-powered space vehicle all 
belong to this category. The computer, on the other hand, is in a 
category all by itself. It does not, alone, achieve any physical feats 
whatever. It can plan and control physical action by other machines 
(and men), but its own output is always symbolic and therefore abstract, 
The symbols that a computer has the ability to manipulate are numeri- 
cal digits, letters of the alphabet, special characters, and sub- 
characters or bits which represent information in the form of data. 
A computer processes information by means of receiving, storing 
(remembering), operating on, and producing (output) data. These 
information-handling operations are directed by a program of instruc- 
tions which itself is stored in the computer's memory. This 
principle of utilizing, internally stored, alterable instructions to 
control the action of the machine is what provides the computer with 
a versatility, a logical flexibility, and an open-endedness that are 
not matched by anything short of a living organism. In addition to 
duplicating certain intellectual processes, a computer is also 
capable of performing clerical tasks that can be viewed as routines 
performed by rote , such as the retrieval of records , posting and 
filing, i.e., record keeping, as well as transmitting, regenerating, 
and display of information over distance. Although the computer is 
relatively limited, as compared to the human mind in it's range of 
capability and although it uses rather crude methods of internal pro- 
cessing, it has the advantages of speed, total recall, and complete 
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Imagine multiplying the numbers MCMV xXIII. Obviously, to most 
of us, the mechanics of the problem overshadow the learning of the 
concept. In the same way, a lack of experience in a specific field 
can obscure the fields beyond. Some find themselves at the bottom 
of the heap when it comes to computers or some phase of computing. 
The following sections are useful in learning the fundamentals . 
They are not intended to be a complete text, they will, however, 
aid tremendously in understanding of the function and form of 
computers. Starting at the bottom then . . . 



2.1 COMPUTER LOGIC FUNDAMENTALS 



Computers are designed using electronic circuits just as radios and 
TV's are. However, computers are generally far more complex than 
TV's and radios. Digital computers have a common feature that eases 
their design and construction. The term "digital" gives a clue, 
"digital" implies a fixed amount as opposed to an approximate amount 
or analog. Electricity is inherently analog as we do not have instru- 
ments that can measure exact voltage. (We may be able to approxi- 
mate a voltage using many decimal places, i.e., 1.692^682 volts, but 
it continues many decimal places beyond that). Digital electronics 
assign a certain voltage range that attribute on or logical one, and 
another voltage range the attribute off or logical zero. Although 
these voltage ranges are theoretically arbitrary, characteristics of 
certain circuits commonly used in digital electronics have developed 
standards which bear a "family" name. These names include DTL (Diode 
Transistor Logic), RTL (Resistor Transistor Logic). TTL (Transistor 
Transistor Logic), and many more. Currently the most commonly used 
logic is TTL (sometimes referred to as T 2 L), generally this logic 
family uses a zero to .8 volt signal to indicate a logical zero or off 
state and a signal of 2 to 5.0 volts to indicate an on or one state. 
A one state is usually measured at about 3 volts. A further simplifi- 
cation of digital logic is that a relatively small number of prescribed 
functions can be combined in various ways to perform even the most 
complex functions. These simple functions are referred to as gates. 
They have one or more input wires and one or more output wires. An 
example of a gate would be the "and" gate. It has two inputs and one 
output. If the first input is on (one) AND the second input is on 
(one) the output will be on (one). If either one or both of the inputs 
are off the output of the AND gate will go off (zero). Gates are 
graphically displayed as a symbol with input and output lines drawn 
from specific points on the symbol. The "and" symbol appears in 
figure 2.1. 
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In addition to the graphic representation of a gate, a functional 
representation of a gate would be listed in a logic table or logic 
diagram. Here inputs and their states (one or zero) are listed in 
a tabular form so that matching a desired row and column will indicate 
the correct output state. An "and" gate logic diagram appears in 
figure 2.2. 

FIGURE 2.2 

AND Gate Truth Table 
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The output of a standard TTL gate can usually supply enough current 
to wire to the inputs of 10 other standard TTL gates (10 standard 
loads). Only one standard TTL output can be or., any wire at any one 
time, two gates cannot usually output onto the same wire. Other 
forms of non-standard TTL logic exist but some design consideration 
must be made when using these devices. Some types are low power, 
high speed, schottky, low power schottky, CMOS, and other "compatible" 
MOS. Each non-standard TTL or compatible device should be checked 
for power compatibility with respect to the number of loads each will 
drive with respect to another. Two types of TTL logic not mentioned 
here-to-fore are Tri-state and Open Collector. Tri-state (sometimes 
called high impedience state) does not mean a third set of voltages 
which indicate a third state. It simply means that the output gate 
has been disconnected from the line. This is useful when many dif- 
ferent output gates would like to use the same wire to communicate at 
mutually independent times (party line). Computer systems use this 
philosophy extensively. An "and" gate that has Tri-state capability 
is illustrated in figure 2.3. It's logic diagram is shown in 
figure 2.U. 



FIGURE 2.3 
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FIGURE 2.U 
Tri-state AND Gate Truth Table 
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If an "*" appears in the input side of a logic diagram 
it indicates a "don't care" state. In other words, that 
input is not used to calculate the output if other condi- 
tions of the logic diagram are met. 



Normally, only one output is used to connect to inputs of other gates 
as needed (within load limits). When this rule is violated, circuit 
damage will result. This is not true of party line (tri-state or open 
collector) circuits. Tri-state places only one output on the line at 
a time. Open collector, on the other hand, simply has protective 
circuitry to eliminate possible damage due to multiple outputs on the 
same line. If any output is off, the combined output will be off, other- 
wise it will be on. Figures 2.5 through 2.12 illustrate some common 
gates . 



FIGURE 2.5 
AND Gate 
The AND gate takes several inputs and produces a 1 output 
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FIGURE 2.6 
OR Gate 
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An OR gate takes several inputs and produces a 1 output 
if any input is a 1. 



FIGURE 2.7 
NOT Gate 
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A NOT gate inverts the signal to produce the opposite 
output . 



FIGURE 2.8 
NAND Gate 
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A NOT gate put on the output of an AND gate produces 
a NAND gate. 



FIGURE 2.9 
NOR Gate 
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A NOT gate put on the output of an OR 
gate produces a NOR gate. 
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FIGURE 2.10 

BUFFER GATE 
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A Buffer gate allows a single load line to drive 10 output 
lead lines. 



FIGURE 2.11 

INVERTING GATE 
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When a NOT gate is added to a Buffer it becomes an inverter, 



FIGURE 2.12 
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Often, a complex set of gates will simply be expressed as a box 
with inputs and outputs identified. A description and logic diagram 
will accompany such descriptions. If the circuit is repetitive in 
function such as an adder or shift register, a sample circuit and/or 
logic diagram will be documented. Through the use of new technology, 
logic gates have successively grown smaller. Now thousands of these 
gate circuits can fit in a package the size of a postage stamp. These 
circuits are called integrated circuits (iC's). They are combined in 
various fashions to create simple memories, complex memories, complete 
computer processors (CPU's) and a whole array of other circuits. In 
commercial applications, they are usually packaged in dual in-line 
packages (DIP). These are some times referred to as "Bugs" as they 
appear to have a body and many legs . The legs are spaced at .10 inches 
and are designed to be inserted into printed circuit boards for 
subsequent soldering. Appendix D includes descriptions of circuits 
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used in the SPHERE Computing systems. It includes reference 
information for maintenance and theory. Consult IC manufacturers' 
literature for more detailed information. 



2.2 



COMPUTER ARCHITECTURE 



Computers and buildings are designed by architects to perform 
various functions. In many ways the'ir design is similar, they 
each have basic components that are required, then materials are 
selected and arranged in a suitable form. Computer architecture 
refers to what units are to be in a computer system and their 
characteristics and interconnections. Some units, such as the 
arithmetic unit, are composed solely of logic circuits designed 
to perform a particular function. Other units may be mostly 
mechanical in nature such as card readers or teleprinters. A 
computer is basically a data manipulation machine. It transforms 
one set of data into another set according to a fixed list of 
instructions called a program. To accomplish this, a computer 
contains several units to move and change data. The basic unit 
is a Central Processing Unit (CPU), which. interprets the program 
commands and does the requested data manipulation. Another basic 
unit is the memory, which stores the data used by the system. Also 
needed are units to perform input and output on the stored data. A 
general configuration would be similar to the one shown in Figure 2.13- 

FIGURE 2.13 

GENERAL COMPUTER CONFIGURATION 
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Computers are fast accurate and inflexible while the humans that use 
them are slow, clumsy, and flexible. The interface between the two 
has always been a problem. In the early days of computing, the most 
widely used devices for input and output were the 80 column card and 
a printer running at 150 to 600 lines a minute. The machine would 
stop computing during I/O and would usually spend the majority of its 
time waiting for the I/O to be completed. The man would spend two or 
three days waiting to get his program keypunched, run on the computer 
and the results back. This. was very wasteful for both man and machine. 
To improve ease of use, time-sharing and multiprogramming systems were 
developed in the early 60's. Multiprogramming allowed several programs 
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to be in the machine at a time with one running while the others 
performed I/O, thus greatly improving machine usage. Time-sharing 
allowed several users multiple access to a computer at the same 
time. The user would use a teleprinter or a CRT (cathode ray tube) 
display to enter information directly into the machine. These 
developments allowed better use of very expensive machines. With 
the progress in electronics the price of computer systems fell during 
the 70' s to the point where a small computer was less than the cost 
of an earlier terminal. A typical system of this type is the SPHERE 
which allows I/O to be performed with the keyboard/ CRT, printer, 
teletype, or digital I/O lines. A typical computer would then look 
as in Figure 2.1*+. 

FIGURE 2.1U 
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Once. the data is entered into the computer, it must be stored for 
access by the CPU as needed. There are several types of memory 
available with different costs and speed. Memory devices fall into 
two main catagories, sequential devices and random access devices. 
Sequential memories are those where each unit of memory is ordered 
one after the other so that the data is accessed in a specific order. 
Typical are magnetic tape units or cassette tapes. Sequential units 
offer the lowest cost per unit of information but have the longest 
access time to a specific information unit. It is useful in appli- 
cations where there is a lot of information to be processed in a 
specific unvarying order. Random Access Memories (RAM) are those 
where the time to retrieve any random unit is the same as for any 
other data unit. This type of memory offers the fastest unit access 
but has the smallest storage capacity. This is the memory accessed 
directly by the CPU when it is executing a program. High speed memory 
has traditionally been made out of ferrite "cores", so called because 
each resembles a doughnut in shape with read, write and sense wires 
run throughout the hole or "core"of the doughnut. Random access 
memories can also be made up of flip-flops, which is an electrical 
circuit capable of storing one binary digit. The flip-flop was 
originally used in designing circuits for the purpose of storing the 
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output of other circuits so that circuits would have access to 
previous results. With the advent of metallic oxide semiconductor 
large scale integration (MOS LSI) circuits, it has become possible 
to put several thousand flip-flop circuits on a single chip. The 
SPHERE uses such chips with U096 {kK) bits (binary digits) of memory 
on each chip. Even though the memory is now semiconductor, it is 
often still referred to as "core" memory to denote that it is the 
memory used by the CPU for storage of executing programs and data. 
Disk and drum memories are devices that are both sequential and 
random access in nature, offering moderate size at moderate cost. 
They consist of a disk or drum that is coated with a magnetic 
material rotating continuously past a set of read or write heads. 
There is one 'track' of data under each read or write head. The 
devices are random access in that any given data is accessable with- 
in an average period of time. This is called the 'access time' and 
averages one half the time it takes the disk to rotate once. On most 
disk units, there is only one read or write head which is movable 
between tracks. There is then a track latency or access time to move 
the head to the proper track. The disk used on the SPHERE is a 
"floppy" disk with 6k tracks having U096 bytes of data per track. 
The type of memory used is thus determined by tradeoffs of access 
time, capacity and cost with access time increasing with storage 
capacity (floppy) and decreasing with cost (semi-conductor RAM). 
Devices which require physical movement to access data are usually 
referenced through a control unit designed to interface that device 
to the CPU. A typical system would appear as in Figure 2.15. 
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The CPU carries out the instructions of the program for manipulating 
the data. It is composed of three main subunits, the arithmetic/logic 
unit (ALU), the register unit, and the control unit. The arithmetic/logic 
unit does the actual data manipulation performing such arithmetic func- 
tions as addition and subtraction, and such logical functions as com- 
paring two units of data, shifting them and performing "AND", "OR", XOR 
and other functions on the individual bits of data. The registers act 
as storage for specific units of data. The registers are accumulators, 
index registers, the program counter and the stack pointer. An accumu- 
lator is a storage location used by the ALU. An instruction such as 
ADD A would take the contents of the accumulator and the contents of 
a memory location and add them together and put the result in the 
accumulator. The index register is used as a pointer into main memory. 
Its contents can be added to a fixed starting address for accessing 
arrays of data. The stack pointer is used for referencing the stack. 
A stack is an area of main memory reserved for sequential accessing. 
Information in the stack is referenced on a last-in-is-f irst-out 
(LIFO) basis. It is used to store temporary data and subroutine 
linkage return addresses during program jumps. While most data has 
fixed locations (addresses) in main memory during execution of a pro- 
gram, the stack data varies dynamically during execution of a program. 
All references to data on the stack are from the top-of-stack (TOS) 
which is implicit in any stack operation. The stack pointer is some- 
times referred to as the TOS pointer register. The index register can 
be used to reference data a given distance from the TOS. This allows 
programs to be dynamically assigned blocks of data as needed. The pro- 
gram counter is pointer into main memory, pointing to the location of 
the next program instruction to be executed. It is changed either 
automatically with each instruction execution or modified by the pro- 
gram to change the instruction flow. The control unit of the CPU takes 
the program instructions, determines what is to be done, then activates 
the various gates, registers, adders, etc. to perform the requested 
operations. It also tests the results of instructions to determine 
what location the next instruction is to be taken from. In a computer, 
while all data consists of binary digits, these bits are grouped into 
bigger units of data for manipulation by the computer. The basic unit 
is the byte, which consists of 8 bits. A byte can thus contain a value 
between and 255 decimal. It is used most frequently for represent- 
ing a written character such as 'A', 'B' , or '+'. Because it can't 
contain a very big number, bytes are put into larger groupings called 
words, which usually contain k bytes (32 bits) on large computers and 
2 bytes (l6 bits) on small computers. The basic unit used on the SPHERE 
is the byte, thus making it ideal for character and text manipulation. 
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FIGURE 2.16 
COMPONENTS OF THE CPU 
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SOFTWARE 



While a computer is a very sophisticated piece of circuitry, it is 
absolutely useless without being told what to do. It intuit be given 
instructions on how to handle the data. A computer program is 
basically a set of such instructions for handling data. Software 
consists of all the programs and data needed by a computer system 
to produce useful results. An analogy of a computer program could 
be made with a country post office that could only hire a moron as 
postmaster. Unfortunately, while being a conscientious worker, he 
can't remember how to do his job. So someone must continually tell 
him what to do. Because no one else is around for that job, the 
post office management decided to leave instructions for him to 
follow on what to do to get the job of sorting the mail done. In 
order to help the moron keep track of the large number of instruc- 
tions he had to follow, they were put in unused slots in the sorting 
bin, one instruction per slot. The instructions had to be very 
simple for the moron to follow. Typical instructions would be like 
"Pick up a letter from the mail pile", or "if the letter lacks a 
stamp, take your next instruction from slot #57. On coming to work 
in the morning, the moron would take the first instruction from 
slot~#l, then another from box #2 and so forth unless the instruc- 
tion specifically said to go to another box for the next instruc- 
tion. By following each instruction, the moron could then perform 
any task the Post Office could think of. A computer is very similar. 
The computers central processing unit (CPU) is the moron, slavishly 
following the instructions that it takes from memory. Memory consists 
of a set of numbered locations, with each location or memory cell con- 
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taining an instruction or an item of data. Having a computer 
"moron" do useful work for you thus 'becomes a task of producing 
an explicit set of instructions for it to follow. The set of 
instructions is called a "program" and the task of producing 
them is called programming. The task of programming can be 
broken down into several steps. The first step is to analyze 
the problem. What does the problem consist of? What infor- 
mation is used and what is the desired output. Defining the 
boundaries to the problem area is one of the most critical in 
producing a workable solution. Once the problem has been defined, 
it can be broken up into modules for ease of handling since most 
problems are too large to tackle in one piece. These are then 
further subdivided into smaller modules. This subdividing continues 
until the modules are small enough to work with. A diagram of such 
a top-down modularized struct ion would appear as in Figure 2. IT. 

FIGURE 2. IT 
TOP DOWN STRUCTURING 
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Each module on any given level is independent of any other 
module on that level, but are connected by modules on higher levels. 
This enables one part of the program to be changed with minimal 
effects on other parts of the program. After the overall problem has 
been modularized, a detailed diagram description called a flowchart 
can be produced describing each step in a given module. Module C5 
might appear as the example in Figure 2.18. 
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FIGURE 2.18 



FLOWCHART OF MODULE C5 



A+B - Alpha 

Delta +1 - 
Beta 




<T 



No 




Ye£ S /Return ^\^ 

\toB2 J T 



/fN 



Gamma = 
Delta 



Yes 



^> 



f" 



Do 
Procedure 
Q3 



(Enter ^v 



For clarity, a complex function such as procedure Q3 can be described 
on a separate flow chart. By using this process of zooming in for 
more detailed descriptions, flow charts can be kept simple and under- 
standable. After a detailed description of the problem and the pro- 
cedures used in producing the result have been written, the flow charts 
can be used to translate or 'code' the processes into a computer langu- 
age most suitable for that application, such as BASIC, RPG or FORTRAI. 
When the program has been coded, it is run on the computer and the 
process of debugging begins. Debugging is the process of getting a 
program to work correctly. Bugs are errors in the program. There are 
two types of bugs: syntatic and semantic. Syntax errors are those 
that do something not allowed by the programming language , such as 
jumping to a nonexistant statement or something like A^-B)0. These 
bugs should be recognized by the language and an error message given. 
Semantic bugs are where the programmer says one thing but means another, 
such as subtracting a number where it should have been added. These 
errors in meaning must be found by testing each module with preselected 
input data for which the result is known. After the bugs are found, 
the program must be corrected and debugged again, as correcting one 
bug may result in another bug. Remember Murphey's third law: "If 
anything can go wrong, it will, but only after it appears to be correct", 
After the program is debugged and running, the question must be asked 
"is the information the computer is producing what I really needed in 
the first place?". Errors can be made in the original problem analysi 
and not show up until you tell the prospective user what he can do with 
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your program. In order to help the user develop his programs, 
computers come supplied with a set of programs called system 
software, which is designed to make the computer easier to use. 
The basic system software program is the executive or operating 
system. The executive schedules and runs all of the users pro- 
grams and schedules the input/output operations. It does all of 
the file handling", including device assignment and logical name/ 
physical device translation. In a multiprogramming or time 
sharing system, it determines which program is to run at any 
given time. The executive can be thought of as the chief decision 
maker of the computer system. Most useful of all systems as far 
as the programmer is concerned, are the computer languages avail- 
able to write programs with. A computer language is nothing more 
than a restricted set of instructions understandable by both 
computer and human. The most basic computer language is machine 
language, which consists of the actual binary numbers executed by 
the CPU. Because strings of binary numbers are hard for humans 
to use, a form of it called an Assembly Language has been developed. 
Assembly Language allows symbolic names to be used instead of binary 
numbers. For instance, the mnemonic ABA (add accumulator B to 
accumulator A) would stand for the binary number 00011011. Because 
this is still a very constrained format, high level languages such 
as BASIC, RPG 11, TRAC or COBOL have been developed. A high level 
language would allow a statement such as A=B+C - (D/5) instead of 
the equivalent 10 or 15 assembly instructions. Each high level 
language is aimed at a specific users such as COBOL (Common Business 
Oriented Language) for business use, ALGOL (ALGOrithmetic Language) 
for scientific uses, BASIC (Beginners All purpose Symbolic Inter- 
pretive Computer) for novice users, and TRAC (Text Reconing and 
Compiling) for text and character manipulation. High level languages 
fall into two major divisions, compilers and interpreters. A compiler 
translates from the high level language directly into machine langu- 
age, which is then the program that the computer executes. The high 
level language program is called the source code or source language 
and the machine language translation is known as object code or object 
program. An interpreter doesn't translate the program into machine 
language but interprets each statement as the program is executed. 
For short programs, an interpreter will run fast as it doesn't have 
any 'compile time' overhead, that is, it doesn't spend any time in 
translating to machine language. However, a compiled program will 
execute seven to ten times faster than an interpreted version. Another 
segment of system software is the utility programs. These programs 
consist of such goodies as text editors, used for creating and chang- 
ing source language programs; file utilities, used for changing or 
manipulating files; linkers to hook different programs together and 
other useful programs. No matter what high level language is used, 
it will contain certain features for the implementation of programs. 
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These features may vary widely from language to language in how 
they are implemented, but their functions are similar as to what 
they do. The most basic construct is the arithmetic statement. 
This statement allows a number to be calculated from an arithmetic 
expression of variables and constants, and to be assigned to another 
variable. A variable is a number that has a name and that can 
change in value during execution of the program. Typical arithmetic 
statements appear in Figure 2.19. . 

FIGURE 2.19 
SAMPLE ARITHMETIC STATEMENTS 

ALPHA <-A x B + 5-1 - (3.2 7 C); 

LET ALPHA = A * B + 5-1 - (3.2/C) 

ALPHA EQUALS A TIMES B PLUS 5.1 MINUS 3.2 DIVIDED BY C. 

#(DS, ALPHA #(SB, #(AD, #(ML, A B) , 5-1), #(DV, 3.2, C))) 



An arithmetic statement also makes use of built in functions such 
as sine, cosine and square root as well as operators like add and 
subtract. There must, of course, be input/output statements, or 
else what the computer does is not very useful. These statements 
move data to and from the executing program and another data source, 
such as a file, a teleprinter, paper tape, or another program. These 
statements can also be used to format the data so it appears in a 
desired manner. A logical instruction is a statement that compares 
two values and returns a value of 1 or depending on whether the 
comparison was true or false. The logical expression is used with 
the control statement to provide run time control of which statements 
are executed. The simplest control command, the branch, is of the 
form GO TO X which causes the computer to branch and start executing 
at the statement labeled X. A conditional branch would use a logical 
expression for a statement like 'IF ALPHAS 1 THEN GO TO X'. Indivi- 
dual statements can be executed in statements such as 'IF GAMMA=0 THEN 
ALPHA <-A+B ELSE ALPHA <£*0. Another form of control statement is the 
loop. The loop causes repeated execution of a block of code until a 
specific logical condition is met. A typical format would be 'WHILE 
A>1 DO XXX is a series of statements. Usually, each time the block 
of code is executed a value can change by a specific amount such as 
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'WHILE A»l STEP A BY 2 DO XXX' ; which would increase the value of 
A by 2 each time through the loop. As programmers, like most other 
people, are somewhat lazy and don't like to do more work than they 
have to they invented the subroutine. A subroutine is a segment of 
code that can be used several times in different places in the pro- 
gram. This makes programs much easier to write, as certain functions 
are made use of repeatedly. A subroutine is defined once and then 
explicitly called later in the program for greater flexibility, each 
time a subroutine is called, different numbers or data can be passed 
to the subroutine from the main program. This allows it to act similar 
to a built in function such as SINE. By the use of software, the 
computer can become a very useful tool. Without it, it is nothing 
more than a pile of unused electronic parts. 



2.k APPLICATIONS 



A computer is a general purpose tool for problem solving. A piece 
of hardware called a "general purpose computer" can perform absolutely 
nothing by itself because there is no such thing as a general purpose 
problem. A piece of software designed specifically to "apply" some 
general purpose computing power to solve a specific problem is called 
an "application" program. Not all software (programs) are written to 
solve a specific problem. Some are written specifically to aid appli- 
cation programs performance. These "SYSTEM" programs make the computer 
more useful to a greater number of application programs. All programs 
are not application programs. Almost any problem that takes mental 
effort can be solved by a computer with an appropriate application 
program. A computer then is a problem solving tool which, if used 
properly, can provide the user the ability to solve his problems. 
There are as many applications as there are imaginations. There are, 
however, general application subjects that we would like to illustrate 
so that you can understand how a typical non-computer activity is trans- 
formed into an application on a computer. We will illustrate an 
accounting problem. 

Late in December the last month of the taxable 
year, Arthur Morton and his wife Lois, engage 
you to prepare their income tax return and advise 
them concerning other matters that may affect the 
amount of their tax liability. They are entitled 
to a total of five exemptions for themselves and 
their dependent children. They have been using 
the cash method of determining taxable income and 
expect to file a joint return. 

Mr. Morton is employed at a salary of $2^,000 for 
the current year and has been notified that he will 
receive an increase of $300.00 per month, effective 
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in January. He has no deductable expenses 
connected with his employment. Income from 
dividends for the current year will amount 
to $900.00 for Mr. Morton and $i+00.00 for 
Mrs. Morton. 

During the current year, Mr. Morton sold "a" 
company stock at a loss of $1,000.00. He 
proposes to sell his holdings with "B" company 
stock before the end of the year. These were 
acquired three years ago at a cost of $2,000, 
and the market price which has been relatively 
stable is currently $3,000.00. He plans to 
use the funds to pay amounts pledged to his 
church, $500.00 for operating budget and 
$2,500.00 for building fund both due by the 
following March 31st-. He also suggest that 
it might be advantageous to use the $1,000.00 
loss on the sale of "A" company stock as an 
effort to gain on "B" company stock. 

Miscellaneous payments for the current year 
to date that would qualify as deductions from 
gross income total $**00.00. In addition, real 
estate taxes of $350.00 for the first half of 
the year have been paid. Unpaid real estate 
taxes of $350.00 for the second half of the 
year are due on December 31st, but may be paid 
as late as January 10 without penalty. 

This illustration is a painful but real life situation. By attempting 
to do this income tax problem, you would have a lot of headaches in 
researching the tax exemptions. In addition, computing the appropriate 
amount of exemption to determine the amount of tax you need to pay 
would be difficult. At some point in time many other individuals have 
had to encounter each of the problems Mr. Morton of our example had 
to research. A Tax Consultant might write a computer program which 
considers these possibilities in detail. He would include all infor- 
mation necessary to advise of wise future tax decisions and current 
tax liabilities. All you would need to do with this computer program 
is input the information listed in the above problem and the computer 
determine your legal tax exemptions. Then it would determine the 
amount which you could deduct so as to save as much of your income 
from taxes as possible. The computer could also inform you of the 
status of your total asset holding, liabilities and cash balances 
through the use of its many intelligence. Applications such as this 
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are virtually unlimited and each can be efficiently handled by a 
computer. Following is a list of common applications: 



BUSINESS 

cash receipts 

cash disbursement 

notes receivable and interest income 

retail method of inventory costing 

perpetual inventory control 

depreciation based on averages 

intangible asset amortization 

journal recording and posting 

depletion schedules 

mortgage amortization schedules 

payroll deduction computation 

checking account balance 

taxes payable 

and many, many more 



EDUCATION 

test checking and Scoring 
student records 
teacher evaluation 
book index 
class scheduling 
periodical referencing 
audio-visual cataloging 
current subject reference 
rare document storage 
great talks and speeches 
teacher planning 
thesis research 
and many, many more 



REAL ESTATE 

prospective customer index 
property catagorizing 
multiple listings index 
residential development program 
mortgage and interest compiler 
proposed commercial development format 
monthly payment breakdown 
and more 



2-17 



2 STARTING AT THE BOTTOM 
2 . h APPLI CATI ONS c ont ' d 



SCIENCE 

physics experiment 

chemical analysis 

motion study 

sound and wave investigation 

zoological reference and documentation 

"biological reference and documentation 

testing and experimentation 

cross reference index 

geological survey studies 

geothermal research 

solar energy analysis 

and the list goes on 



BANKING 

accounts receivable 
savings deposits 
certificates of deposit 
checking account balance 
notes receivable 
customer credit information 
federal reserve deposits 
trust fund accounts 
interest rate computations 
auto installment loans 
mortgage handling 
statistical computations 
and lots more 



PERSONAL COMPUTER USE 

checking account balance 

savings , stocks and bonds , etc . 

household budgets 

dates to remember file 

Christmas card list 

menus and shopping list 

security system and crime preventor 

vital document record 

as many uses as you can think of 
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GAMES 

Button, Button, Whose got the Button 

Create a Random Maze 

3D Tic Tac Toe 

lit Civil War Battles for 2 

Star Trader 

Try to Beat the Taxman 

Basehall 

Basketball 

Black Jack 

Life 

Pro Football 

Monopoly 

Checkers 

Chess 

and hundreds more 



A computer is more than a practical tool for compiling data and solving 
problems. A tool or machine that can teach you and help you to broaden 
your scope of thought is indeed helpful to personal development. Through 
the implementation of computer games, mental stimulation can occur. 
Games Encourage Imaginative and Constructive Responses. The result of 

games are unimportant we take risks, tolerate uncertainty, and proceed 

with less-than complete understandings the ability to react creatively 
to new and unexpected situations are constantly changing. We develop 
our decision making capabilities and problem solving skills, games are 
fun. The computer waits patiently while you experiment with different 
lines of thought . It ' s available to play any game you want , and as 
many times as you'd like. A simulation is a model of a real life situa- 
tion. With your computer, you can reconstruct and analyze real life 
situations, if you want to be creative. Your computer can do compli- 
cated bookkeeping You can create the initial conditions , establish 

the limits, and then analyze the results. With your own computer, a 
simulated situation can be repeated as many times as you want. Many 
people ask, "Why play games at all?" A game involves competition as 
a relationship among players. On a computer we can transform a com- 
petitive 2 player game into a teamwork relationship with many more 
players. Instead of always playing one side, through the use of your 
computer, you can alternate positions throughout the game. Computer 
games can introduce new ideas into your built in computer. Games are 
open ended, multi-purposed, and can be suited to your particular whims. 
Games can be the tool which could re-open your mind to a vast new 
frontier of ideas. 
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In Section 1, a general description of the System was given. In 
this chapter, a more detailed description of the device making up 
the system will be given. The Motorola MC 6800 is an 8-bit micro- 
processor forming the central control function for the System. As 
in all computer systems, its main function is to: 

1. Control the sequence and execute the instructions 
received from a program stored in memory to accomplish 
a given task (prepare a payroll, etc.) 

2. Perform data transfers from one point in the system 
to another . 

3. Perform logical and arithmetic operations on data 
during transfers as needed. 

k. Monitor and respond to external influences that alter 
program sequences . 

Figure 3.1 shows in block form the internal structure of SPHERE GPU. 
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Figure 3.2 shows the relationship of the MPU to the other devices 
on the external BUS, which make up the system. Note that all 
devices are paralleled on the bus; i.e., the address, data and 
control lines are 'common' to all devices. Each device has a 
unique address and responds only when its address and required 
control signals are presented on the bus. All address decoding 
is done by the devices themselves. This bus structure eliminates, 
the need for separate I/O channels for each device and simplifies 
the interface requirements. In addition, because each device 
contains its own status and data registers, they look just like 
memory locations to the MPU. Each device is therefore addressed, 
like memory, no special I/O instructions are needed. In fact, any 
instruction that can access memory or operate on data in memory 
can also manipulate the I/O device registers. This provides much 
greater programming flexibility than would be possible with a system 
requiring special I/O instructions. This structure also simplifies 
and standardizes the interface requirements for peripherals. 



FIGURE 3.2 
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3 SYSTEM ORGANIZATION cont ' d 



Figure 3.3 shows a programming model of the MPU. This shows the 
registers that can be directly accessed by the programmer. The bit 
size of each register is also shown. The following is a general 
description of each module, which combined make up the basic SPHERE 
system. 



FIGURE 3.3 
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Several of the components of the processor are not directly 
accessable to the user and are explained here for information 
purposes only. The processor contains a control unit which provides 
the necessary timing to control the instruction decoding and execu- 
tion sequences. The arithmetic and logic (ALU) performs the actual 
arithmetic operations, such as addition, subtraction, etc., and all 
boolean type operations, such as AND, OR, etc. Each accumulator 
receives and transmits data to and from the bus and temporarily 
stores results from the ALU. The input and output buffers provide 
the access to the address and bi-directional data lines for the MPU. 
The instruction register holds the instruction read from memory 
while it is decoded by the control unit. Also shown are the main 
MPU and peripheral control lines. The remainder of the registers 
are accessable to the programmer. The working environment for pro- 
gramming consists of 72 instructions, seven addressing modes, six 
registers and memory (including the stack). Figure 3-h gives a 
summary of the six registers that are program accessable. 
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A stack consists of a number of contiguous memory locations for 
temporary storage. The information stored on the stack may 
consist of status during interrupts, subroutine linkage return 
addresses, and data. The stack pointer is a 16 bit register 
containing the address of the next position in which to store 
information. As information is stored, the stack pointer is 
decremented to the next free position. As data is recalled from 
the stack, the stack pointer is incremented to the previous 
position, and then the data is retreived. It is the programmer's 
responsibility to initialize the stack pointer register. 



3.1 THE ONE CARD COMPUTER 



The logical approach to the solution of any problem is to determine 
the minimum requirement for a satisfactory result. In the case of a 
small computer, an absolute minimum would include a reasonable amount 
of memory, a capable CPU, Input/Output capability, a real-time clock, 
read only memory program which if used in conjunction with a terminal 
can replace the computer's switch panel and display lights, and 
finally it ought to have a convenient Bus structure to easily attach 
other modules. The SPHERE ONE CARD COMPUTER includes all of the 
above features plus a few that also deserve attention. The one card 
computer is the heart of the 300 series computers. 

3.1.1 THE CPU 

The MOTOROLA 6800 microprocessor is the most advanced microprocessor 
available today. It reduces the necessity for support components 
and includes features not found on computers of many times the size. 
The IBM 370, for example, will not store all of its registers auto- 
matically upon receipt of an interrupt as the 6800 system does . The 
6800 resembles the architecture of the Digital PDP-11 in many ways 
including instructions that "PUSH" data onto a STACK. As that storage 
is no longer required the data may be "POPed" off of the stack. The 
6800 doesn't have as many registers as other CPU's, however, the 6800 
has several addressing modes which in most cases completely outweigh 
its lack of registers. These modes are particularly advantageous when 
tables are processed. 

3.1.2 MEMORY 

This system uses the 2107A type kK. by 1 dynamic random access memory. 
This memory was used because it is the least expensive memory available 
and would lower the cost of the system. All refresh circuitry for the 
system is included on the CPU board. 
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3.1.3 I/O 



If this board is used as a stand alone CPU it must communicate to 
the outside world. Therefore, the system is supplied with 16 pro- 
grammable I/O lines. Four additional lines which may he used as 
programmed interrupts are also supplied on the hoard. The hoard 
also has the ability to drive a 20 ma current loop, RS232 serial 
device. 



3.1.*l REAL-TIME CLOCK 



A stand alone process control system and many other systems require 
the capability of monitoring the progress of an activity. The SPHERE 
system has a real-time clock which will interrupt the system at a set 
interval. This interval is a function of the refresh clock which is 
set at 2 ms. The interrupt may occur at lx, 2x, kx, 8x or l6x the 
refresh rate. The interval may also be set externally. The rate is 
determined by a wire strap. 



3.1.5 EPROM 



The Erasable Programmable Read Only Memory used by the system is the 
1702 A. Programmers for this EPROM are commonly available so that 
users may find programming the system for a stand alone application 
a reasonable task. When delivered with a SPHERE system the EPROM 
contains a Program Development Systems (PDS) which is described in 
Section 9 compatible to the hardware structure obtained with the 
order. 



3.1.6 BUS STRUCTURE 



The BUS is driven by tri-state TTL buffers which are capable of 
driving 35 standard TTL devices. The BUS is connected to this 
board via three ik pin dual-in-line connectors which will transmit 
and receive information over three lU conductor flat ribbon cables. 
Eight data, l6 address, BUS and control lines are transmitted 
bidirectionally to and from the CPU, memory, and peripherals. I/O 
devices, buffer, and status registers are addressed as memory loca- 
tions at the top (HIGH ORDER LOCATIONS) of memory in much the same 
as the Digital PDP-11. This means that about 35,000 devices could 
be attached to the system (theoretically). It also means that any 
machine instructions may operate on device buffer and status registers 
as they would to memory. This limits the maximum memory on SPHERE 
systems to 56K instead of the theoretical 6kK because the high order 
8K is reserved for device status and buffer registers. 
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3.1.7 POWER-ON RESET 



When power is applied to this board, circuitry forces a reset to the 
processor until the system power has had time to stabilize. The 
system will immediately thereafter jump to a specific location in 
the read only memory (EPROM) to begin meaningful processing. 



3.2 SYSTEM 310 



This computer system is capable of satisfying the needs of the user 
who wishes to program, develop, and debug programs for light process 
control, experimenting, and some educational purposes. As with all 
SPHERE "SYSTEMS", the computer was designed to perform a useful func- 
tion. It was not intended to be a useless computer with a lot of money 
spent on front console. All SPHERE systems are shipped with software 
and a commitment that software developed in the future by SPHERE or 
one of its users will be available at minimal cost. The PDS SYSTEM 
is included in the read only memory of this system. It and other 
software which is available is described in Section 9« Expandability 
has been considered from the onset. Some of these considerations 
include additional memory to 56K inter-computer communications, a full 
line of peripherals, home and industry utility, and lowering cost 
while increasing performance in the future. Below are listed the modules 
contained in this system: 



3.2.1 CPU2 



This module contains all of the features listed under "THE ONE CARD 
COMPUTER" . 



3.2.2 KBD2 



This module includes a standard typewriter style alpha-numeric key- 
board layout. 



3.2.3 CRT 1 



This module contains the necessary electronics to display 512 chara- 
cters on a video monitor. The 6k character ASCII character set is 
displayed in a matrix of 32 characters by l6 lines. Each character 
is displayed in a matrix of dots, 5 dots wide and 7 dots high. To 
display a character a computer program simply moves the desired chara- 
cter into a memory position which is also the display refresh buffer. 
The refresh buffer is located in the high-order 8K of memory. It 
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3.2.U 



3.2.5 



consists of 512 bytes of static RAM that, is organized to be accessed 
by the CPU and CRT simultaneously without degrading the access time 
to the CPU. Output from this module to the video monitor appears as 
a composite video signal. Etches for RF modulator (adjustable from 
channels 1-3) have been left on the PC board, and schematics have 
been provided; however, components have not been supplied because 
this type of circuit requires FCC testing and approval. Instructions 
for TV modifications are generally available. 



PWR/2 

The power supply has been designed expressly for the SPHERE system. 
It produces 5 volts at 3-5 amps, 12 volts at .7 amps , -5 volts at .2 



amps, and -12 volts at .5 amps. 



BCB 1 



Each of the system modules is connected via a system bus. The bus 
consists of three flat ribbon cables containing lb conductors each. 
Each cable is connected to each board via a ik pin dual-in-line (DIP) 
connector. Each board has three standard lU pin IC sockets where each 
of the three bus cables attach. 



3.2.6 PCB 1 

Power is bussed to each of the boards of the system via a separate ik 
conductor ribbon cable. This cable is attached to each board via a 
ik pin dual-in-line connector. 



3.2.7 OPR 1 

The operator/reference manual set is designed to introduce the SPHERE 
system to the new computer user. It describes in detail how each instruc- 
tion works. It also describes in detail interrupts, stack operations, 
Input/Output, peripheral device characteristics, memory organization, 
projected device reserved locations and limited characteristics, and 
execution timing. Programming examples are included to illustrate 
various hardware features and a section is included to introduce pro- 
gramming concepts to the first time computer user. Api>endices are 
included to aid program development. Although this manual set is 
comprehensive, some users may require further information so references 
are amply provided. The manual set is loose bound to receive updates 
and includes sections where Global Newsletters, kit assembly instruc- 
tions, manuals, and maintenance manuals may be kept. Kit assembly 
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instructions manuals are a part of the package; however, each 
module in kit form contains an associated kit assembly manual 
which may be kept in this binder. SPHERE encourages user groups 
to promote interchange of ideas, useful circuits, comments , 
gripes, and software (from games to statistical packages). A 
Global Newsletter subscription is included with any "SYSTEM" pur- 
chase or with the purchase of the 0PR1 manual set. 



3.3 SYSTEM 320 



This system was specifically designed to solve the needs of two 
different users. 

1. The user who wishes to communicate to other devices over 
serial lines such as a telephone. 

2. The user who wishes to utilize this device as a stand 
alone computer, and use the communications facility to 
save and restore programs and data using a standard audio 
cassette. 

The communications facility is implemented as a single module 
(one board) which contains a standard asyncronous communications 
interface and a modem. Serial communications to other devices such 
as a teletype or other computer may take place without the use of a 
modem. This system includes all of the features found in System 310 
plus the following: 



3-3.1 SIM l 



This module provides the facility to communicate data in several 
serial forms. The module has two independent serial I/O ports. One 
can be connected only to a Kansas City standard cassette interface. 
The other can either be connected to a second cassette interface or 
any one of the following: EIA RS-232-C interface, 20 mA current loop, 
direct TTL interface, or industry standard low-speed modem enabling 
communications over standard telephone lines. The ACIA's can accept 
data in an 8 bit parallel format from the CPU and transmit it serially 
with a start bit and 1-2 stop bits. Seven or eight data bits may be 
transmitted with optional even or odd parity. At the same time data 
in same format may be received serially, presented to the CPU in 8 bit 
parallel format. The data will be checked for proper parity (if 
desired) and false start bits will be rejected. Communications may 
occur at several standard strap-selectable rates; 110, 150, 300, 600, 
1200, 2UO0, U800, and 96OO Baud. X-on and X-off functions are pro- 
vided by an on board relay. This module optionally contains a complete 
ORIGINATE/ANSWER modem. The modem will operate at a maximum speed of 
600 Baud. The SH, RING, +V, DH, DA, DR, and GND signals are provided 
for the CBT type of DAA (Direct Access Arrangement). A speaker and a 
microphone are all that are required to complete the acoustic coupler. 
No cabling is provided with this unit. 



3-9 



3 SYSTEM ORGANIZATION 
3. 1 * SYSTEM 330 



This system was designed for the user who wishes to have total 
stand alone program development. The features found in the earlier 
mentioned systems along with the additional l6K of memory included 
with System 330 supplies the user enough memory for major program 
design. 



3.U.1 MEM 1 



This module contains l6K of memory which provides ample space for the 
Basic interpreter and user programs. The memory board is designed 
with four rows of memory chips. Each row has eight chips with h096 , 
8-bit bytes per row. Total number of bytes per board is 16,381. 
Memory addresses are selectable by a wire jumper on the PC Board. 
With this you can select the address area you want for memory storage 
I within 4K boundaries) without having to rewrite your program. 



3.^.2 BASIC SOFTWARE 



The Basic Software package included is a fully extended language which 
includes matrix operators, string operators and file functions, plus 
the capability of calling the assembler subroutines. 



3.5 SYSTEM 3^0 



Total computer capabilities are included in this system. System 3^0 
has been designed for the user who needs large amounts of memory and 
peripheral capabilities. Included is a 65 line per min. , 80-column 
printer; also included are two IBM compatible floppy disk modules 
complete with SDOS disk operating system and Basic. The disk operating 
system handles file maintenance, and provides an editor, assembler, 
and debugging facility with file handling extensions for thorough disk 
utilization. This system includes everything previously listed except 
the SIM board plus the following: 



3.5.1 LPT 1 



The SPHERE Line Printer produces 80 columns of 5x7 dot matrix charac- 
ters at 110 characters per second, or 65 lines per minute. The impact 
head prints bidirectionally on 8 1/2 inch continuous paper using a 
conventional teletype ribbon. This line printer has been designed with 
high reliability and extremely low cost required by small scale data 
handling systems. This system features the ability to print double 
wide characters for heading and other applications. The printer is 
available with either tractor feed or pressure rollers. Up to four 
highly legible copies may be produced. 
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3.5-3 DSK 1 



The disk interfaces to the SPHERE system via the peripheral interface 
module and disk cable assembly and is fully supported by the SPHERE 
Disk Operating System (SDOS) package. The flexible disk used is 
media and format compatible to the IBM 35^0 and 37^0 with a maximum 
data storage capacity of 256,256 bytes per diskette. A single 
controller handles up to four drive units which may be individually 
write-protected. Hardware track seek and seek verification as well 
as CRC generation and verification insure data validity. 



3.6 PIM l 



Both the Disk and the Line Printer are interfaced through this module 
which provides up to 6k digital I/O lines and 16 control lines (h PIA's) 
The module also includes some circuitry dedicated to the Line Printer 
interface. The LPT 1 interface requires one PIA and Disk interface 
requires 1 1/2 PIA's. Strapping is provided to address up to 8 PIM 
boards on a system. 
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In computers, both the instruction and the data it manipulates must 
be specified. The instruction consists of an operator portion, 
which specifies the instruction code, and a data part called the 
operand. Sometimes, the operand portion may not be the actual da.ta 
but a number or address used in finding the data. Operands are 
associated with each operator except when the instruction operates 
on the state of the machine, such as HALT or WAIT, or when there is 
only one operand and the operator specifies implied or accumulator 
addressing. The addressing modes available are a function of both 
the type of instruction and the mode bits in that instruction. 

k.l INHERENT ADDRESSING 

In the inherent addressing mode, the operand (stack pointer, accu- 
mulator, index register, condition codes, etc.) is implicit in the 
instruction, which is one byte long. An instruction such as DEX - 
Decrement Index Register, would be of this type. 

k.2 DIRECT ADDRESSING 

In direct addressing instructions the locations of the operand is 
specified by the second byte. The address specified is one of she 
first 256 locations of main memory, i.e. bytes through 255- The 
length of the operand is either one or two bytes , depending on the 
operator (load accumulator is a one byte operand while load index 
is a two bytes long operand). This mode takes two bytes. 

k.3 EXTENDED ADDRESSING 

Extended addressing is a 3 byte instruction where the second and 
third bytes are used to form a 16 bit address. This allows any 
location in main memory to be accessed, compared with only the 
first 256 addressable locations accessable with the Direct Addressing 
mode. The main difference of Direct Addressing and Extended Address- 
ing is that Direct Addressing can only reference part of memory but 
takes one less byte to: do it, thus reducing program size. 

h.k IMMEDIATE ADDRESSING 

The immediate addressing mode contains the actual operand in the 
bytes following the operator byte. This is useful where the data is 
a constant value as opposed to a variable with an address as used in 
the direct addressing mode. These instructions are two bytes long, 
one byte for the operator code and one byte for data for instructions 
using the accumulators. For the instructions which use the 16 bit stack 
and index registers, the operand data is two bytes long producing a 
three byte instruction. 
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h ADDRESSING MODES 



FIGURE U.l 
ADDRESS MODE BYTE 1 BYTE 2 BYTE 3 



Inherent 
SWI 



Direct 



LDAA 
LDX 



Operator 
3F 



Operator Address of 
Operand 



96 

DE 



10 
73 



REMARKS 

Seven bytes of the computer's 
status are pushed onto the 
stack and a branch to the 
location pointed to by memory 
locations FFFA and FFFB is 
executed. 



Load the A accumulator with 
the contents of memory location 
10. Load, the index register 
with the contents of memory 
locations 73 & 7^« 



Extended 

LDAA 
LDX 



Operator Address of Operand 



B6 

FE 



OF 
2B 



ED 
AD 



Load the A accumulator with 
the contents of memory loca- 
tion OFED. Load the index 
register with the contents 
of memory 2BAD & 2BAE. 



Immediate 


Operator 


Operand 


LDAA 


86 


20 


LDX 


CE 


El f: 


Index 


Operator 


Displacement 
of Operand 


LDAA 


a6 


30 


LDX 


EE 


00 



Load the A accumulator with 
20. Load the index register 
with E1FF. 



(Assume index register=1000) 
Load the A accumulator with 
the contents of memory location 
1030 (1000 +30). Load the 
index register with the contents 
of memory location 1000 
(1000+0). 



Relative 

BRA 

BNE 



Operator- Operand 



20 
26 



05 
F8 



(Assume instruction begins at 
100) Branch always; execute 
the next instruction from loca- 
tion 107. Branch only if the 
condition code bit 3=0 to loca- 
tion FA; if 2=1, execute the next 
instruction from location 102. 
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H ADDRESSING MODES 

U.5 INDEX ADDRESSING 

Index addressing uses the index register to help form the address 
of the data in memory. The instruction format is the same as in 
direct addressing made but the second byte is added to the contents 
of the index register to form a 16 bit address in main memory. This 
allows addresses to be formed under program control. The address 
byte is in effect an offset from the address specified by the index 
register. The index register is usually used to form pointers into 
data tables . 

k.6 RELATIVE ADDRESSING 

In relative address mode the 8 bit number contained in the second 
byte of the instruction is added to the contents of the program 
counter (which is pointing to the next instruction). The 8 bit 
number is taken as a signed number, thus giving an offset of - 128 
to +127 from the current instruction. The new address is relative 
to the current address. Relative addressing is used for branches, 
where the new address is used as the address of the next instruction. 
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5 STACK AND STACK POINTER 



The stack consists of any number of consecutive locations in main 
memory. The stack provides for temporary storage and retrieval of 
successive bytes of information, which may include any of the 
following items: 

*Current values of the CPU registers 

*Subroutine return addresses 

*Data 
The stack can be used for the following purposes: 

temporary storage of data (under control of the program) 

*Interrupt control 

*Subroutine linkage 

*Re-entrant code 

*Recursive subroutine data 

5-1 STACK CHARACTERISTICS 

The CPU includes a l6-bit stack pointer. The stack pointer points 
to the top of the stack-1, thus enabling the CPU to find the current 
location of the top of the stack and where the next byte is to be 
stored on the stack. Stack memory is usually referenced sequentially 
with respect to the top of the stack on a last-in-first-out (LIFO) 
basis. Because stack memory is dynamically allocated while a program 
is running, it can be used to store the same temporary variable or 
return address any number of times, thus allowing a routine to 
recursively call itself several times. 

When a byte of information is pushed onto the stack, it is stored at 
the address which is contained in the stack pointer and the stack 
pointer is then immediately decremented. Conversely, when pulling 
a byte from the stack, the stack pointer is incremented and the byte 
is then obtained from the address contained in the revised stack 
pointer. 

5.2 START UP 

When a program starts up, it must reserve a block of main memory for 
use by the stack. Care must be taken that when data is pushed or put 
onto the stack, the stack size does not exceed the size of the memory 
block reserved for it, called stack overflow. Since the stack grows' 
toward the bottom of memory, it is advisable to start the stack at the 
top of useable memory. Care must be taken not to take more data off 
the stack than was put on, or to leave data on the stack that was 
pushed there after a subroutine jump. 
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5 STACK AND STACK POINTERS 

5.3 MULTIPLE STACKS 

Normally, the stack will consist of a single block of successive 
memory locations. However, some instructions such as Transfer 
Index to Stack (TXS) will change the address contained in the stack 
pointer without storing or retrieving information into or from the 
stack. The use of these instructions can result in the stack being 
other than one continuous block of memory locations. In such a case 
it may alternatively be considered that there exist two or more stacks, 
each of which consists of a block of successive locations in the 
memory. This would be useful when multiple tasks are performed at 
the same time. 

5.k SAVING THE MPU REGISTER VALUES 

It is sometimes desirable to temporarily save the register values on 
the stack so they can be used for other calculations. The values of 
the CPU registers are automatically saved on the stack when honoring an 
interrupt. The status is stored in the stack in accordance with the 
scheme shown in Figure 5-1. Before storing the status, the stack 
pointer contains the address of a memory location represented in 
Figure 5-1 by "m" . The stack extends from location m+1 to higher 
locations. The status is then stored in seven bytes of memory, 
beginning with the byte at location "m", and ending with the byte at 
location "m-6". The stack pointer is decremented after each byte of 
information is pushed onto the stack. The information saved on the 
stack consists of the numerical content of all of the registers con- 
tained in the CPU except the stack pointer. The value stored for the 
program counter (PCH and PCL) is in accordance with the following rules: 

1. If the values are stored in response to a non-maskable 
interrupt, or to an interrupt from a peripheral device, 
the value saved for the program counter is the address of 
the instruction which would be the next executed, if the 
interrupt had not occured. 

2. If during execution of a SWI or WAI instruction, the value 
saved for the program counter is the address of that SWI or 
WAI instruction, plus one. 

The values stored for the other registers (CC, ACCB, ACCA, IXH and 
IXL) are in accordance with the following rules: 

1. If in response to a non-maskable interrupt, or an interrupt; 
from a peripheral device, the values saved are those which 
resulted from the last instruction executed before the 
interrupt was serviced. 

2. If during execution of a SWI or WAI instruction, the values 
saved are those which resulted from the last instruction 
executed before the SWI or WAI instruction. 

3. The condition codes, H,I,N,Z,V, and C, in bit positions 5 
thru of the processor condition code register, are stored 
respectively in bit positions 5 thru of the applicable memory 
location in the stack. Bit positions 7 and 6 of that memory 
location are set (i.e., go to the 1 state). 
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5 STACK AND STAC K POINTERS 
5.1+ SAVING THE MPU REGISTER VALUES 



cont'd 



FIGURE 5-1 



M-T 
M-6 
M-5 
M-U 
M-3 
M-2 
M-l 

M 





CONDITION CODE 


ACCUMULATOR B 


ACCUMULATOR A 


INDEX REGISTER (.HIGH) 


INDEX REGISTER (LOW) 


PROGRAM COUNTER (HIGH) 


PROGRAM COUNTER (LOW) 





4— STACK POINTER AFTER SAV>] 



<— STACK POINTER BEFORE SAVE 



5.5 BLOCKS OF DATA ON THE STACK 

By using the Transfer Stack to Index (TSX) instruction to set the 
index register to point to the top of stack, programs can make- 
references into the stack instead of just referencing the top of 
stack. This is useful where a block of data has been put on the 
stack for temporary use by a routine or for use in software interrupts. 
By allowing a routine to store its temporary variables on the stack, 
it can be made re-entrant, i.e. it can be working on several independent. 
sets of data at the same time without one set affecting another. 
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6 INSTRUCTION SET 



This section describes the SPHERE Instruction Set in the 
following order: 

ACCUMULATOR & MEMORY INSTRUCTIONS 

INDEX REGISTER AND STACK POINTER MANIPULATION INSTRUCTIONS 

BRANCH INSTRUCTIONS 

CONDITION CODE MANIPULATION INSTRUCTIONS 



Instruction related to Interrupt processing are covered 
in Section 7- 

The condition codes are a set of 6 bits in the condition code 
register which indicate the status of the CPU and are used by 
the branch instructions. Whenever an instruction is executed 
the condition code bits are either set, cleared or left un- 
changed, depending on the results of the operation. 



The condition codes are as follows : 

H half- carry from bit 3 

I interrupt mask bit (set=enhibit , cleared=enabled) 

N negative (sign bit) 

Z zero (byte) 

V overflow, 2's complement 

C carry from bit 7 
The condition code bits are set as follows : 

R reset always 

S set always 

T test and set if true, cleared otherwise 
blank unchanged 
Condition code register notes 

(set if test true, cleared otherwise) 

1 (bit V) test: result=10000000 

2 (bit C) test: result=00000000 

3 (bit C) test: Decimal value of most significant ECD 
character greater than 9? (not cleared if previously set) 

k (bit V) test: operand=to 10000000 prior to execution? 

5 (bit V) test: operand=to 01111111 prior to execution? 

6 (bit V) test: set equal to result of N (+> C after shifting 

7 (bit N) test: sign bit of most significant byte of 
result=l? 

.8 (bit V) test: 2's comp. overflow from subtraction of 

least significant byte 
9 (bit N) test: result less than zero? (bit 15=1) 

10 (all) Load CCR from stack 

11 (bit I) Set when interrupt occurs. If previously set, a 
Non Maskable interrupt is required to exit the wait state. 

12 (all) Set according to the contents of Accumulator A 
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6 INSTRUCTION SET cont'd 



LEGEND 



Arithmetic Plus 



Arithmetic Minus 



Boolean AND 



Mgp Contents of memory location pointed to by stack pointer 



Boolean Inclusive OR 



(±7 Boolean Exclusive OR 

M Complement of M 

■^ Transfer into 

Bit zero 

00 Byte zero 

CCR Condition Code Register 
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6 INSTRUCTION SET 

6.1 ACCUMULATOR & MEMORY INSTRUCTIONS 



6.1.1 ADD 



ADDA 



ADDRESSING 

MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


IMMEDIATE 


8B 


2 


2 


DIRECT 


9B 


2 


3 


INDEXED 


AB 


2 


5 


EXTENDED 


BB 


3 


4 



BOOLEAN/ ARITHMETIC OPERATION 
A+ M-* A 

DESCRIPTION 

The contents of the A accumulator are added to jfj 
the contents of a byte of memory, and the re- 
sults are placed back into the accumulator. 



T 




T 


T !* 


T 


5 


4 


3 


2|l 





H 


I 


N 


Z; V 


>— 



r 



ADDB 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 




NUMBER 

OF CYCLES 


IMMEDIATE 


CB 


2 


2 


DIRECT 


DB 


2 


3 


INDEXED 


EB 


2 


5 


-EXTENDED 


FB 


3 


4 



BOOLEAJH/ARiTHMETIC OPERATION 



B + M-> B 

DESCRIPTION 
The contents of the B accumulator are added to P 1 J: 
the contents of a byte of memory, and the re- 
sults are placed back into the accumulator. 



T I 


t It 


T 


Ti 


(5 U 


3 2 


1 


ol 


h|i 


N Z 


V 


q 
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6 INSTRUCTION SET 
6 . 1 ACCUMULATOR & MEMORY INSTRUCTIONS 



6.1.2 ADD ACCUMULATORS 



ABA 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


INHERENT 


IB 


1 


2 


















- 









BOOLEAN/ ARITHMETIC OPERATION 

A+ B ■> A 

DESCRIPTION 

The contents of both accumulators are added 

and the results are placed in accumulator A. 



T 




T 


T 


T 


T 


5 


4 


3 


2 


1 





H 


I 


N 


Zj V 


C 



6.1.3 ADD WITH CARRY 



r 



ADCA 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


IMMEDIATE 


89 


2 


2 


DIRECT 


99 


2 


3 


INDEXED 


A9 


2 


5 


■ EXTENDED 


B9 


3 


4 



V 



BOOLEAN/ARITHMETIC OPERATION 
A + M + C * A 

DESCRIPTION 

The contents of accumulator A is added to 
a byte of memory; the carry bit of the 
condition code register is interrogated 
and if set, the results is incremented by one 
placed back into accumulator A. 



T 




T 


T 


T 


T 


5 


4 


3 


2 


.1 





H 

-— .... 


1 


N 


Z 


V 


C 



The results are then 



6A 



6 INSTRUCTION SET 
6.1 ACCUMULATOR & MEMORY INSTRUCTIONS 
6.1.3 ADD WITH CARRY cont'd 



ADCB 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


IMMEDIATE 


C9 


2 


2 


DIRECT 


D9 


2 


3 


INDEXED 


E9 


2 


5 


EXTENDED 


F9 


3 


4 



BOOLEAN/ ARITHMETIC OPERATION 

B + M + C » B 
DESCRIPTION 

The contents of accumulator B is added to 

a byte of memory; the carry bit of the conditionTcode register is 

interrogated and if set the result is incremented by one. The results 

.ats., then .placed frack into, accumulator B. ^ 



T 




T 


T 


T 


T 


5 


4 


3 


2 


1 





H 


I 


N 


Zl V 


C 



6.1. U AND 



ANDA 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


IMMEDIATE 


84 


2 


2 


DIRECT 


94 


2 


3 


INDEXED 


A4 


2 


5 


.EXTENDED 


B4 


3 


4 



BOOLEAN/ARITHMETIC OPERATION 
A • M * A 

DESCRIPTION 

Accumulator A and a byte of memory are 
logically ANDed together and the 
results stored in accumulator A. 







T 


T 


R 




5 


4 


3 


2 


1 





H 


I 


N 


Z 


V 


q 
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6 INSTRUCTION SET 
6.1 ACCUMULATOR & MEMORY INSTRUCTIONS 
6.1.U AND cont'd 



ANDB 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


IMMEDIATE 


C4 


2 


2 


DIRECT 


D4 ' 


2 


3 


INDEXED 


E4 


2 


5 


EXTENDED 


F4 


3 


4 



BOOLEAN/ ARITHMETIC OPERATION 
B • M ■> B 

DESCRIPTION 

Accumulator B and a byte of memory are 
logically ANJ}.ed together and the results 
stored in the accumulator. 







T 


JTj 


R 




5 


4 


3 


2 


X 





H 


I 


N 


Zi V 


c 



6.1.5 BIT TEST 



r 



BITA 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


1 

NUMBER 
OF CYCLES 


IMMEDIATE 


85 


2 


2 


DIRECT 


95 


2 


3 


INDEXED 


A5 


2 


5 


• EXTENDED 


B5 


3 


4 



BOOLEAN/ ARITHMETIC OPERATION 
A • M 

DESCRIPTION 

Accumulator A and a byte of memory are 
logically ANDed. 







T 


T 


R 


1 


5 


4 


3 


2 


1 





H 


I 


N 


V 


V 


c 
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6 INSTRUCTION SET 
6.1. ACCUMULATOR & MEMORY INSTRUCTIONS 
6.1.5 BIT TEST cont ' d 



BiTB 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


IMMEDIATE 


C5 


2 


2 


DIRECT 


D5 


2 


3 


INDEXED 


E5 


2 


5 


EXTENDED 


F5 


3 


4 



BOOLEAN/ARITHMETIC OPERATION 
B • M 

DESCRIPTION 

Accumulator B and a byte of memory are 
logically ANDed. 







T 


tJ 


R 




5 


4 


3 


2 


1 





H 


I 


N 


Zj V 


C 



6.1.6 CLEAR 



CLR 



ADDRESSING 

MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


... _ 
NUMBER 
OF CYCLES 


INDEXED 


6f 


2 


T 


EXTENDED 


TF 


3 


6 



















BOOLEAN/ARITHMETIC OPERATION 
00 » M 



DESCRIPTION 

The addressed byte oJ 
to zero. 



memory is set 







R 


s 


R 


r| 


5 


4 


3 


2 


1 


0' 


H 


J 


N 


Z 


V 


q 



/ 
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6 INSTRUCTION SET 
6.1 ACCUMULATOR & MEMORY INSTRUCTIONS 
6.1.6 CLEAR cont'd 



CLRA 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


INHERENT 


4F 


X 


2 



























BOOLEAN/ ARITHMETIC OPERATION 
00 > A 

DESCRIPTION 

The A accumulator is set to zero. 







R 


r s~ 


R 


R 


5 


4 


3 


nn 


I. 





H 


I 


N 


ZjV 


C 



CLRB 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


" 
NUMBER 
OF CYCLES 


INHERENT 


5F 


1 


2 



























BOOLEAN/ARITHMETIC OPERATION 
00 » B 

DESCRIPTION 

The B accumulator is set to zero. 







R Is | R 


R 


5 


4 


rrTm 





H 


I 


N Z V 


C 



/ 
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6 INSTRUCTION SET 
6.1 ACCUMULATOR & MEMORY INSTRUCTIONS cont'd 



6.1.7 COMPARE 



CMPA 



— 

ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


IMMEDIATE 


81 


2 


2 


DIRECT 


91 


2 


3 


INDEXED 


Al 


2 


5 


EXTENDED 


Bl 


3 


4 



BOOLEAN/ ARITHMETIC OPERATION 
A-M 

DESCRIPTION 

A byte of memory is subtracted from 
accumulator A. 







,T 


t It 


T 


5 


4 


3 


2il 





;H 


.1 


N 


Zj V 


c| 



J 



CMPB 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


. 

NUMBER 
OF CYCLES 


IMMEDIATE 


CI 


2 


2 


DIRECT 


Dl 


2 


3 


INDEXED 


El 


2 


5 


.EXTENDED 


Fl 


3 


4 



BOOLEAN/ARITHMETIC OPERATION 
B- M 

DESCRIPTION 

A- byte of memory is subtracted from 

accumulator B. 







T T JT 


T 


5 


4 


TT2,T 





H 


1 


N Z V 


q 



y 
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6 INSTRUCTION SET 
6.1 ACCUMULATOR & MEMORY INSTRUCTIONS 



6.1.8 COMPARE ACCUMULATORS 
/" CBA 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


INHERENT 


1?- 


1 


2 


















- 









BOOLEAN/ARITHMETIC OPERATION 
A- B 

DESCRIPTION 

Accumulator B is subtracted from accumu- 
lator A. 







T 


T 


T 


T 


5 


4 


3 


2 


1 





H 


I 


N 


Zj V 


C 



6.1.9 COMPLEMENT, l's 



COM 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


INDEXED 


63 


2 


7 


EXTENDED 


73 


3 


6 



















BOOLEAN/ARITHMETIC OPERATION 
M •> M 

DESCRIPTION 

Each bit of a byte is reversed, that 
is, the ones are set to zeros, the 
zeros are set to ones. 







T T 


R 


S 


5 
H 


4 


3 2, 


1 


o 


I 


N Z 


V 


c 
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6 INSTRUCTION SET 

6.1 ACCUMULATOR & MEMORY I NSTRUCTIONS 
6.1.9 COMPLEMENT , l's cont'd 



COMA 



1 

ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


INHERENT 


43 


1 


2 










- 

















BOOLEAN/ARITHMETIC OPERATION 
"A~->A 

DESCRIPTION 

Each bit of a byte is reversed, that is, 
the ones are set to zeros the zeros are 
set to ones. 







T 


T 


R 


S 


5 


4 


3 


2 


1 





H 


I 


N 


Zl V 





r 



COMB 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


INHERENT 


53 


1 


2 


















• 









BOOLEAN/ARITHMETIC OPERATION 
T ■> B 

DESCRIPTION 

Each bit of a byte is reversed, that 
is, the ones are set to zeros the 
zeros are set to ones. 
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2 
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I 
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Z 


V 
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6 INSTRUCTION SET 
6.1 ACCUMULATOR & MEMORY INSTRUCTIONS 



6.1.10 COMPLEMENT, 2's (Negate) 



NEG 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


INDEXED 


60 


2 


7 


EXTENDED 


70 


3 


6 



















BOOLE AN/ ARITHMETIC OPERATION 
00 - M ^ M 

DESCRIPTION 

Memory contents are subtracted from and 
the results placed back in memory. 







T 


Tl 


2 


5 


4 


3 


2 


1 





H 


I 


N 


Zl V 

.. .... i 


C 



NEGA 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 




NUMBER 
OF CYCLES 


INHERENT 


40 


1 


2 



























BOOLEAN/ARITHMETIC OPERATION 
00 - A •> A 

DESCRIPTION 

Accumulator A's contents are subtract- 
ed from and the results placed back 
in the accumulator. 
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6 INSTRUCTION SET 



6.1 



ACCUMULATOR & MEMORY INSTRUCTIONS 



6.1.10 COMPLEMENT , 2's (Negate) cont'd 



NEGB 



A 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER INUMBER 
OF BYTES ! OF CYCLES 


INHERENT 


50 


1 


2 










"* 

















BOOLEAN/ARITHMETIC OPERATION 
00-B*B 

DESCRIPTION 

Accumulator B's contents are subtracted 
from and the results placed "back in the 
accumulator. 







T 


T l 


2 


5 


4 


3 


2 11 





H 


I 


N 


Z, V 


C 



6.1.11 DECIMAL ADJUST, A 



DAA 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 




NUMBER 
OF CYCLES 


INHERENT 


19 


1 


2 



























BOOLEAN/ARITHMETIC OPERATION 
Converts Binary Add. of BCD Characters into BCD Format 

DESCRIPTION 

Used after ABA, ADC, and ADD in BCD 
arithmetic operation; each 8-bit byte 
regarded as containing two U-bit BCD numbers. DAA adds 0110 to 
lower half-byte if least significant number > 1001 or if preceding 
instruction caused a Half-carry. Adds 0110 to upper half-byte if 
most significant number > 1001 or if preceding instruction caused a 
Carry. Also adds 0110 to upper half-byte if least significant 
number } 1001 and most significant number = 9. 
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6.1 ACCUMULATOR & MEMORY INSTRUCTIONS 



6.1.12 DECREMENT 
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BOOLEAN/ ARITHMETIC OPERATION 
M-l ->M 

DESCRIPTION 

A one is subtracted from the contents of 
a memory location. 
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BOOLEAN/ARITHMETIC OPERATION 
A-l »A 



DESCRIPTION 

A one is subtracted 
of Accumulator A. 
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6 INSTRUCTION SET 

6.1 ACCUMULATOR & MEMORY INSTRUCTIONS 
6.1.12 DECREMENT cont'd 
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BOOLEAN/ ARITHMETIC OPERATION 

B - I >B 

DESCRIPTION 

A one is subtracted from the contents of a 

memory location. 
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6.1.13 EXCLUSIVE OR 
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BOOLEAN/ ARITHMETIC OPERATION 

A © M -> A 

DESCRIPTION 

The contents of accumulator A is 
exclusive ORed with the contents of 
a memory location. The results are 
returned to the indicated- accumulator. 
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6 I NSTRUCTION SET 
6 . 1 ACCUM U LATOR & MEMORY INSTRUCTIONS 
6.1.13 EXCLUSIVE OR cont'd 
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BOOLEAN/ ARITHMETIC OPERATION 

B ($i M ^ B 

DESCRIPTION 

The contents of accumulator B is exclu- 
sive ORed with the contents of a memory 
location. The results are returned to the indicated accumulator, 
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6.1.1U INCREMENT 
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BOOLEAN/ ARITHMETIC OPERATION 
M +1 ■> M 

DESCRIPTION 

A one is added to the contents of a 
memory location. 
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6 INSTRUCTION SET 
6.1 ACCUMULATOR & MEMORY INSTRUCTION 



6.1. lit INCREMENT cont'd 
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BOOLEAN/ARITHMETIC OPERATION 
A + i •> A 

DESCRIPTION 

A one is added to the contents of accumu- 
lator A. 
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BOOLEAN/ARITHMETIC OPERATION 
B + i > B 

DESCRIPTION 

A one is added to the contents of 
accumulator B. 
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6 INSTRUCTION SET 
6.1 ACCUMULATOR & MEMORY INSTRUCTIONS 



6.1.15 LOAD ACCUMULATOR 
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BOOLEAN/ARITHMETIC OPERATION 
M * A 

DESCRIPTION 

The contents of a memory location are 
trans fered to accumulator A. 
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BOOLEAN/ARITHMETIC OPERATION 
M * B 

DESCRIPTION 

The contents of a memory location are 
trans fered to accumulator B. 
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6 INSTRUCTION SET 
6 . 1 ACCUMULATOR & MEMORY INSTRUCTIONS 



6.1.16 OR, INCLUSIVE 
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BOOLEAN/ ARITHMETIC OPERATION 

A j^M •} A 

DESCRIPTION 

Accumiilator A is inclusively ORed with 
the contents of a byte of memory and the 
results placed hack in the accumulator. 
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BOOLEAN/ARITHMETIC OPERATION 

B + M-=^ B 

DESCRIPTION 

Accumulator B is inclusively ORed with 

the contents of a byte of memory and 

the results placed back in the accumulator. 
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6 INSTRUCTION SET 
6.1 ACCUMULATOR & MEMORY INSTRUCTIONS 



6.1.17 PUSH DATA 



V_ 



PSHA 



ADDRESSING 

MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


INHERENT 


36 


1 


4 



























BOOLEAN/ ARITHMETIC OPERATION 
A -3> M sp SP -1 *SP 

DESCRIPTION 

The contents of accumulator A are trans- 
feree! to the memory stack position and 
the stack pointer is decremented. 
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BOOLEAN/ ARITHMETIC OPERATION 
B > M sp SP -1 * SP 

DESCRIPTION 

The contents of accumulator B are 
transfered to the memory stack posi- 
tion and the stack pointer is decremented. 
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6 INSTRUCTION SET 
6.1 ACCUMULATOR & MEMORY INSTRUCTIONS 



6.1.18 PULL DATA 
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BOOLEAN/ARITHMETIC OPERATION 
SP + 1 ^ SP, M sp •» A 

DESCRIPTION 

The stack pointer is incremented and the 
contents of memory pointed to by the stack' 
pointer is transferred to accumulator A 
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BOOLEAN/ ARITHMETIC OPERATION 
SP+1» SP, M sp > B 

DESCRIPTION 

The stack pointer is incremented and 
the contents of memory pointed to by 
the stack pointer is transfered to 
accumulator B. 
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6 INSTRUCTION SET 

6.1 ACCUMULATOR & MEMORY INSTRUCTIONS 



6 . 1 . 19 ROTATE LEFT 
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BOOLEAN/ARITHMETIC OPERATION 
M 

DESCRIPTION 

The contents of a memory location are 
shifted one "bit to the left with the condition 1 " 

code bit C shifted to hit and bit 7 being shifted to the condition code 
it C. 
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BOOLEAN/ ARITHMETIC OPERATION 



A U. ^^ j 

C b7 — bO 

DESCRIPTION 

The contents of accumulator A are 

shifted one bit to the left with the 

condition code bit C shifted to bit ahd^'-^-j- y ^ e ±' a g 

the condition code bit C. 
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6 INSTRUCTION SET 
6.1 ACCUMULATOR & MEMORY INSTRUCTIONS 
6.1.19 ROTATE LEFT cont'd 
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BOOLEAN/ARITHMETIC OPERATION 



hd- 



C b7 — to 

DESCRIPTION 

The contents of accumulator B are shifted 

one bit to the left with the condition 

code "bit C shifted to bit and bit 7 being shifted to the condition 

code bit C. 
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6.1.20 ROTATE RIGHT 
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BOOLEAN/ARITHMETIC OPERATION 
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C 6 7 — ol) 



DESCRIPTION 

A memory location contents are shifted 

one bit to the right with bit zero 

of the memory shifted to the condition 

code C bit, the condition Code C bi t being shifted to bit J. 
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6 INSTRUCTION SET 
6.1 ACCUMULATOR & MEMORY INSTRUCTIONS 
6.1.20 ROTATE RIGHT cont'd 
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BOOLEAN/ARITHMETIC OPERATION 

A ^O - drTTTTTi— 1 

DESCRIPTION 

Accumulator A's contents are shifted one 
bit to the right with hit zero of the 
accumulator shifted to the condition Code 
C hit being shifted to bit 7- 
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C bit, the condition Code 
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BOOLEAN/ ARITHMETIC OPERATION 



B C^-T 



^5=3 



C b7 — HO 

DESCRIPTION 

Accumulator B's contents are shifted 

one bit to the right with bit zero of 

the accumulator shifted to the condition Code C bit , the condition 

Code C bit being shifted to bit 7. 
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6 INSTRUCTION SET 
6.1 ACCUMULATOR & MEMORY INSTRUCTIONS 



6.1.21 SHIFT , LEFT , ARITHMETIC 
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BOOLEAN/ ARITHMETIC OPERATION 
M 



a - c 



3-0 



DESCRIPTION 

The contents of a memory shifted left one bit 

with bit 7 being shifted to the condition code 

register bit C. A zero is shifted into the memory bit 0. 
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BOOLEAN/ARITHMETIC OPERATION 



Aa — m :;i !■ i-o 

DESCRIPTION 

The contents of accumulator A shifted 
left one "bit with bit 7 being shifted 
to the condition code register bit C. 
accumulator bit 0. 







T 


T 


6 


T 


5 


4 


3 


2 


1 





M 


I 


N 


Z 


V 


q 



A zero is shifted into the 
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6 INSTRUCTION SET 
6.1 ACCUMULATOR & MEMORY INSTRUCTIONS 
6.1.21 SHIFT LEFT , ARITHMETIC cont'd 
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BOOLEAN/ARITHMETIC OPERATION 



B 



d — en 

C 1)7 



DESCRIPTION 

The contents of accumulator B shifted 

left one hit with hit 7 heing shifted to 1-u' ' ..!. "^ 

& the condition code register 

hit C. A zero is shifted into the accumulator hit 0. J 
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6. 1 . 22 SHIFT RIGHT , ARITHMETIC 
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BOOLEAN/ARITHMETIC OPERATION 

M ' Q ' ! ''ITT — □ 

t? 60 C 

DESCRIPTION 

A memory byte is shifted right one hit 
with hit 7 heing shifted hack into hit 
7 and hit being shifted into the 
condition code register bit C. 
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6 INSTRUCTION SET 

6.1 ACCUMULATOR & MEMORY INSTRUCTIONS 
6.1.22 SHIFT RIGHT , ARITHMETIC cont'd 
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BOOLEAN/ARITHMETIC OPERATION 

A C J i i i i ii i i - a 

67 bO C 

DESCRIPTION 

Accumulator A is shifted right one bit 
with bit 7 being shifted back into bit 
T and bit being shifted into the condition code register bit C. 
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BOOLEAN/ ARITHMETIC OPERATION 



B Cfc 
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DESCRIPTION 

Accumulator B is shifted right one bit 
with bit T being shifted back into bit 
7 and bit being shifted into the 
condition code register bit C. 
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6 INSTRUCTION SET 
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61.123 SHIFT RIGHT, LOGICAL 
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BOOLEAN/ ARITHMETIC OPERATION 

DESCRIPTION 

A memory byte is shifted right one hit 

with a zero being shifted into bit 7 and 

bit being shifted into the condition cade register. 
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BOOLEAN/ ARITHMETIC OPERATION 



A o-cn 



nn - □ 

60 c 

DESCRIPTION 

Accumulator A is shifted right one bit 5 

with a zero being shifted into bit 7 
and bit being shifted into the 
condition code register. 
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6 INSTRUCTION SET 
6.1 ACCUMULATOR & MEMORY INSTRUCTIONS 
6.1.23 SHIFT RIGHT, LOGICAL cont'd 
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BOOLEAN/ARITHMETIC OPERATION 
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DESCRIPTION 

Accumulator B is shifted right one bit 
with a zero being shifted into bit 7 and 
condition code register. 
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bit being shifted into the 



6.1.2k STORE ACCUMULATOR 
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BOOLEAN/ARITHMETIC OPERATION 
A > M 

DESCRIPTION 

Accumulator A's contents are trans- 
fered to memory. 
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6 INSTRUCTION SET 
6 . 1 ACCUMULATOR & MEMORY INSTRUCTIONS 
6.1.2** STORE ACCUMULATOR cont'd 



STAB 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


DIRECT 


D7 


2 


4 


INDEXED 


E7 


2 


6 


EXTENDED 


F7 


3 


5 











BOOLEAN/ ARITHMETIC OPERATION 
B ■> M 

DESCRIPTION 

Accumulator B's contents are transfered 
to memory. 
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6.1.25 SUBTRACT 
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BOOLEAN/ARITHMETIC OPERATION 
A - M ^ A 

DESCRIPTION 

The contents of a byte of memory are 
subtracted from accumulator A and the 
results placed in that accumulator. 
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6 INSTRUCTION SET 

6.1 ACCUMULATOR & MEMORY INSTRUCTIONS 
6.1.25 SUBTRACT cont'd 
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BOOLEAN/ARITHMETIC OPERATION 
B - M •» B 

DESCRIPTION 

The contents of a byte of memory are sub- 
tracted from accumulator B and the results 
placed in that accumulator. 
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6.1.26 SUBTRACT ACCUMULATORS 
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BOOLEAN/ ARITHMETIC OPERATION 
A - B * A 

DESCRIPTION 

Accumulator B is subtracted from 
accumulator A and the results are 
stored in accumulator A. 
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6 INSTRUCTION SET 
6.1 ACCUMULATOR & MEMORY INSTRUCTIONS 



6.1.27 SUBTRACT WITH CARRY 
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BOOLEAN/ ARITHMETIC OPERATION 
A - M - C * A 

DESCRIPTION 

A byte of memory is subtracted from 

accumulator A, the condition code bit C 

is interrogated and if set, the results are decremented by one. 

results are placed in accumulator A. 
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BOOLEAN/ARITHMETIC OPERATION 
B - M - C ■> B 

DESCRIPTION 

A byte of memory is subtracted from 

accumulator B, the condition code 

carry bit is interrogated and if set, the results are decremented by 

one. The results are placed in accumulator B. 
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6 INSTRUCTION SET 
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6.1.28 TRANSFER ACCUMULATORS 
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BOOLEAN/ARITHMETIC OPERATION 
A » B 

DESCRIPTION 

The contents of accumulator A are trans- 
fered to accumulator B. 
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TBA 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


• INHERENT 


IT 
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BOOLEAN/ARITHMETIC OPERATION 

B * A 

DESCRIPTION 

The contents of accumulator B are 

transfered to accumulator A. 
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6 INSTRUCTION SET 

6.1 ACCUMULATOR & MEMORY INSTRUCTIONS 



6.1.29 TEST , ZERO or MINUS 



TST 



\ 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


INDEXED 


6D 


2 


7 


EXTENDED 


7D • 


3 


6 



















BOOLEAN/ARITHMETIC OPERATION 

M - 00 

DESCRIPTION 

Binary zeros are subtracted from the indicated 

memory position. 
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TSTA 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


INHERENT 


4D 
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BOOLEAN/ ARITHMETIC OPERATION 
A - 00 

DESCRIPTION 

Binary zeros are subtracted from 

accumulator A. 
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6 INSTRUCTION SET 
6.1 ACCUMULATOR & MEMORY INSTRUCTIONS 
6.1.29 TEST , ZERO or MINUS cont'd 



6.1.29 TEST , ZERO or MINUS cont'd 



TSTB 



\ 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


INHERENT 


5D 


1 


2 
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BOOLEAN/ ARITHMETIC OPERATION 
B - 00 

DESCRIPTION 

Binary zeros are subtracted from 
accumulator B. 
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6 INSTRUCTION SET 
6.2 INDEX REGISTER AND STACK POINTER MANIPULATION INSTRUCTIONS 



6.2.1 COMPARE INDEX REGISTER 



CPX 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


IMMFDIATF 


8C 


3 


3 


DIRECT 


9C • 


2 


4 


INDEXED 


AC 
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EXTENDED 

_________ 


BC 
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BOOLEAN/ARITHMETIC OPERATION 

(X fi /X L )-(M/M +1 ) 

DESCRIPTION 

The 16 bit Index Register is compared to 
the contents of two consecutive memory 
locations. 
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6.2.2 DECREMENT INDEX REGISTER 



DEX 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


INHERENT 


09 
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BOOLEAN/ ARITHMETIC OPERATION 
X - I » X 

DESCRIPTION 
The Index Register is decremented by one 
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6 INSTRUCTION SET 
6.2 INDEX REGISTER AND STACK POINTER ' MANIPULATION INSTRUCTIONS 

6.2.3 DECREMENT STACK POINTER 
/ DES 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


— — ■ " 

NUMBER 
OF CYCLES 


INHERENT 


34 
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BOOLEAN/ARITHMETIC OPERATION 
SP - l - SP 

DESCRIPTION 

The stack pointer register is decremented by 
one. . 
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6.2.U INCREMENT INDEX REGISTER 



I NX 



* ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


INHERENT 
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BOOLEAN/ARITHMETIC OPERATION 

X + 1 -> X 

DESCRIPTION 

The Index Register is incremented by one. 
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6 INSTRUCTION SET 

6.2 INDEX REGISTER AND STACK POINTER MANIPULATION INSTRUCTIONS 



6.2.5 INCREMENT STACK POINTER 



INS 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


INHERENT 


31 
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BOOLEAN/ARITHMETIC OPERATION 

SP + 1 - SP 
DESCRIPTION 

The stack pointer register is incremented by one 
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6.2.6 LOAD INDEX REGISTER 



LDX 



ADDRESSING 
MODE 


OPERATION 
CODE 


________ ___ 

NUMBER 
OF BYTES 


i ■ 

NUMBER 
OF CYCLES 


IMMEDIATE 


CE 


3 


3 


DIRECT 


DE 


2 


4 


INDEXED 


EE 


2 


6 


EXTENDED 


FE 


3 


5 



BOOLEAN/ARITHMETIC OPERATION 
M * X H ,(M +1 ) * X L 

DESCRIPTION 
Two bytes are transferee! from memory to the 

Index Register. 
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6 INSTRUCTION SET 
6.2 INDEX REGISTER AND STACK POINTER MANIPULATION INSTRUCTIONS 
6.2.7 LOAD STACK POINTER 

LDS 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


IMMEDIATE 


8E 


3 


3 


DIRFCT 


9E 


2 


4 


INDEXED 


AE 


2 


6 


.EXTENDED 


BE 


3 


5 



.BOOLEAN/ARITHMETIC OPERATION 

M -^SP H , (M +1 )-^SP L 

DESCRIPTION 
A two byte address is transfered from memory 
to the .stack pointer register. 
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6.2.8 STORE INDEX REGISTER 



STX 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


DIRECT 


DF 


2 


5 


INDEXED 


EF 


2 


7 


EXTENDED 


FF 


3 


6 











BOOLEAN/ARITHMETIC OPERATION 

X H -> M, X L -> (M +1 ) 

DESCRIPTION 

The two byte Index Register contents are 
transfered to memory. 
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6 INSTRUCTION SET 
6.2 INDEX REGISTER AND STACK POINTER MANIPULATION INSTRUCTIONS 



6.2.9 STORE STACK POINTER 
l STS 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


DIRECT 


9F 


2 


5 


INDEXED 


AF • 


2 


7 


EXTENDED 


BF 


3 


6 











BOOLEAN/ARITHMETIC OPERATION 

SP H ^M, SP L -^ (M +1 ) 

DESCRIPTION 

The two byte stack pointer address is transfered 

to memory 
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6.2.10 Transfer Index Register to Stack Pointer 



TXS 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


. 

NUMBER 
OF CYCLES 


INHERENT 


35 


1 


4 



























BOOLEAN/ARITHMETIC OPERATION 
X -l -> SP 

DESCRIPTION 
The contents of the Index Register contents 
are transfered to the Stack Pointer register 
and decremented by one. 
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6 INSTRUCTION SET 
6.2 INDEX REGISTER AND STACK POINTER MANIPULATION INSTRUCTIONS 



6.2.11 TRANSFER STACK POINTER TO INDEX REGISTER 



f TSX 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


INHERENT 


30 


1 


4 
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BOOLEAN/ARITHMETIC OPERATION 
SP + i->X 

DESCRIPTION 

The contents of the Stack Pointer are transferee! 

to the index register and incremented by one. 

The index register now points to the current data item on the stack. 
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6 INSTRUCTION SET 
6.3 BRANCH INSTRUCTIONS 



6.3.1 BRANCH ALWAYS 



BRA 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


RELATIVE 


20 


2 
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BRANCH TEST 

NONE 

DESCRIPTION 

Unconditional branch to the specified 

relative address. 
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6.3.2 BRANCH IF CARRY CLEAR 



BCC 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


RELATIVE 


24 


2 


4 



























BRANCH TEST 

c = o 

DESCRIPTION 
Branch if the condition code C bit is O.The 

BCC instruction is used to test the results of an 

unsigned binary operation. 
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6 INSTRUCTION SET 

6.3 BRANCH INSTRUCTIONS 



6.3.3 BRANCH IF CARRY SET 



BCS 



\ 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


RELATIVE 


25 


2 


4 
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BRANCH TEST 
C = i 

DESCRIPTION 

Branch if the condition code C bit is The 
BCS instruction is used to test the results of an 
unsigned binary operation. 
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6.3.^ BRANCH IF EQUAL TO ZERO 



BEQ 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


- RELATIVE 


27 


2 
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BRANCH TEST 
Z = 1 

DESCRIPTION 
Branch if the condition code bit Z is set to 

a 1. 
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6 INSTRUCTION SET 

6.3 BRANCH INSTRUCTIONS 



6.3-5 BRANCH IF EQUAL TO A GREATER THAN ZERO 



BGE 



\ 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


RELATIVE 


2C 


2 


4 



























BRANCH TEST 
N <±) V = 

DESCRIPTION 

Branch if the condition code N and V bits are 

both set or branch if the condition codes N bit 

and V bit are both reset. The BGE instruction is used to test the results of a 

signed binary operation. 
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6.3.6 BRANCH IF GREATER THAN ZERO 



BGT 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


RELATIVE 


2E 


2 


4 
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BRANCH TEST 

Z + (N Q V) = 

DESCRIPTION 

Branch if the condition code Z "bit is 

reset and either the N and V bits are 

both set or reset. The BGT instruction 

is used to test the results of a signed binary operation. 
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6 INSTRUCTION SET 

6 . 3 BRANCH INSTRUCTIONS 



6.3.7 BRANCH IF HIGHER 



BHI 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


RELATIVE 


22 


2 


4 
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BRANCH TEST 

C J_Z = 

DESCRIPTION 

Branch if the condition code bits C and Z are 
both reset. The BHI instruction is used to test 
the results of an unsigned binary operation. 
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6.3.8 BRANCH IF LESS THAN OR EQUAL TO ZERO 



BLE 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


— , 
NUMBER 
OF CYCLES 


• RELATIVE 


2F 
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BRANCH TEST 
Z + (N © V)=i 

DESCRIPTION 

Branch if the condition code Z bit is set, or 
the condition code N bit is set and the condi- 
tion code V bit is reset, or if the condition code 

N bit is reset and the condition code V bit is set. The BLE instruction is used to 
Ijest the res u lts of a s i gnecLbinary o per a tion . 
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6 INSTRUCTION SET 
6.3 BRANCH INSTRUCTIONS 



6.3.9 BRANCH IF LOWER OR SAME 



BLS 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


RELATIVE 


23 


2 


4 



























BRANCH TEST 

C_± Z = 1 

DESCRIPTION 

Branch if either the C bit or the Z bit is set. 

The BLS instruction is used to test the results 
of an unsigned binary operation. 
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6.3.10 BRANCH IF LESS THAN ZERO 



BLT 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


RELATIVE 


2D 


2 


4 



























BRANCH TEST 

N Q V = l 

DESCRIPTION . 
Branch if the condition code N bit is set and 

the condition V bit is reset, or if the condition 

code N is reset and the condition code V bit 

is set. The BLT instruction is used to test the results of a signed binary operation 















5 


4 


3 


2 


1 





H 


I 


N 


Z 


V 


q 



6-U6 



6 INSTRUCTION SET 

6.3 BRANCH INSTRUCTIONS 



6.3.11 BRANCH IF MINUS 



BMI 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


RELATIVE 


2B 


2 
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BRANCH TEST 
N=l 

DESCRIPTION 

Branch if the condition code N bit is set. 
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6.3.12 BRANCH IF NOT EQUAL TO ZERO 



BNE 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


• RELATIVE 


26 


2 


4 



























BRANCH TEST 
Z = 



DESCRIPTION 
Branch if the condition code Z bit is reset. 
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6 INSTRUCTION SET 

6 . 3 BRANCH INSTRUCTIONS 



6.3.13 BRilNCH IF OVERFLOW CLEAR 
f BVC 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


RELATIVE 


28 


2 
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BRANCH TEST 
V = 
DESCRIPTION 

Branch if the condition code V bit is 
reset. 
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6.3.lh BRANCH IF OVERFLOW SET 



BVS 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


i 

NUMBER 
OF CYCLES 


RELATIVE 


29 


2 
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BRANCH TEST 
V = 1 

DESCRIPTION 

Branch if the condition code V bit is 
set. 
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6 INSTRUCTION SET 
6.3 BRANCH INSTRUCTIONS 



6.3.15 BRANCH IF PLUS 

f BPL 



ADDRESSING 

MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


RELATIVE 


2A 
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BRANCH TEST 

N = 

DESCRIPTION 

Branch when the condition code N bit is reset. 
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6.3.16 BRANCH TO SUBROUTINE 



BSR 



^ 



ADDRESSING 
MODE" 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


RFLATIVF 


8D 


2 


8 


















•• 









DESCRIPTION 

The two byte address of the byte 
following the Branch to Subroutine 
instruction is pushed on the stack. The '*" 
«riext instruction will be fetched as if this instruction were a branch alwav; 
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6 INSTRUCTION SET 



6.3 BKANCH INSTRUCTIONS 



6. 3. IT JUMP 



J MP 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


INDEX 


6e 


2 


4 


EXTENDED 


7E = 


3 


3 



















DESCRIPTION 

Unconditional jump to the specified 
address, similar to BRA, but may "branch 
farther than 127 bytes. 
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6.3.18 JUMP TO SUBROUTINE 



JSR 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


INDEXED 


AD 


2 


8 


EXTENDED 


BD 


3 


9 



















DESCRIPTION 

The two byte address of the instruc- 
tion following the Jump to Subroutine 

instruction is pushed on the stack similar to BSR except 
branch farther than 127 bytes. 
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6 INSTRUCTION SET 
6.3 BRANCH INSTRUCTIONS 

6.3.19 NO OPERATION 



N0P 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 




NUMBER 
OF CYCLES 


INHERENT 
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1 
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BRANCH TEST 

Advances Program Counter Only 

DESCRIPTION 

The N0P instruction advances the program counter "by one. 
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6.3.20 RETURN FROM SUBROUTINE 



RTS 



ADDRESSING 
MODE 


OPERATION '(NUMBER 
CODE 1 OF BYTES 


NUMBER 
OF CYCLES 


INHERENT 


39 
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5 







































5 


4 


3 


P2 


1 





H 


I 


N 


Zi V 


C 



DESCRIPTION 

The top two bytes of the stack are 

"pulled" into the Program Counter 

register. This instruction is used to return from BSR or JSR called i 

routines . 
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6 INSTRUCTION SET 

6.U CONDITION CODE MANIPULATION INSTRUCTIONS 



6.U.1 CLEAR CARRY 



f 



CLC 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


INHERENT 


OC 
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BOOLEAN/ ARITHMETIC OPERATION 

■» C 

DESCRIPTION 

The condition code register C bit is 
reset to 0. 
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6.1+.2 CLEAR INTERRUPT MASK 



r~ 



CLI 



i_ ^x 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


INHERENT 


0E 
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BOOLEAN/ ARITHMETIC OPERATION 
0-» I 

DESCRIPTION 

The condition code register interrupt 

mask bit is reset to 0. 
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6 INSTRUCTION SET 
6.k CONDITION CODE MANIPULATION INSTRUCTIONS 



6.U.3 CLEAR OVERFLOW 



CLV 



— ... — _ ._ ... 

ADDRESSING 

MODE 


OPERATION 
CODE 


NUM3ER 
OF BYTES 


NUMBER 
OF CYCLES 


INHERENT 


OA 
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BOOLEAN/ ARITHMETIC OPERATION 

0-»V 
DESCRIPTION 

The condition code register overflow 

bit is reset to 0. 
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6.k.k SET CARRY 



SEC 



^ 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


... 
NUMBER 
OF CYCLES 


INHERENT 


OD 
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BOOLEAN/ARITHMETIC OPERATION 
i -> C 

DESCRIPTION 

The condition code register C bit is 
set to 
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6 INSTRUCTION SET 
G.k CONDITION CODE MANIPULATION INSTRUCTIONS 



6.U.5 SET INTERRUPT MASK 



/' 



SEI 



ADDRESSING 

MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


INHERENT 


OF 
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BOOLEAN/ ARITHMETIC OPERATION 
1 +i 

DESCRIPTION 

The condition code register interrupt 

mask bit is set to 1. Peripheral device interrupts are not serviced until 

the interrupt mask is cleared. 
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6.h.6 SET OVERFLOW 



r 



^\ 



SEV 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


INHERENT 


OB 
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BOOLEAN/ARITHMETIC OPERATION 
1 -> V 

DESCRIPTION 

The condition code register overflow 
bit is set to 2.. 
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6 INSTRUCTION SET 
6 . h CONDITION CODE MANIPULATION INSTRUCTIONS 



6.k.l TRANSFER ACCUMULATOR A TO CONDITION CODE REGISTER 



TAP 



ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


INHERENT 
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BOOLEAN/ARITHMETIC OPERATION 
A-> CCR 

DESCRIPTION 

The contents of accumulator A are 
transferred to the condition code register. 
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6.U.8 TRANSFER CONDITION CODE REGISTER TO ACCUMULATOR A 



r 



TPA 



A 



•ADDRESSING 
MODE 


OPERATION 
CODE 


NUMBER 
OF BYTES 


NUMBER 
OF CYCLES 


INHERENT 


07 
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BOOLEAN/ ARITHMETIC OPERATION 
CCR -> A 

DESCRIPTION 

The contents of the condition code 
register are transferred to accumulator 
A 
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T INTERRUPT INSTRUCTIONS AND OPERATION 



INTERRUPTS are a means of signaling the occurence of an external 
event to the SPHERE computer system. These events typically 
include indications of a device operation complete, change in 
status of an external device, or indication of a certain time 
elapsed. When an interrupt occurs, it generally indicates that 
the need to perform some action such as read some data that is 
now ready, ring an alarm indicating an abnormal status, or 
monitor a patient's heartbeat. If the computer were only doing 
one thing at a time, a computer could constantly monitor what is 
happening. If, however, a computer were also performing some 
other task then that task must be "interrupted" to perform the 
new task. All interrupts except the Reset interrupt save the 
registers in the format, shown in Figure T-l« 
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T INTERRUPT INSTRUCTIONS AND OPERATION 



7.1 INTERRUPT THEORY OF OPERATION 

There are four types of Interrupts that may occur on the SPHERE 
system. They are as follows: 

1 - RESET INTERRUPT * 

2 - NON-MASKABLE INTERRUPT 

3 - SOFTWARE INTERRUPT 
k - DEVICE INTERRUPT 

Each interrupt has its use and general characteristics. 

7.1.1 RESET INTERRUPT 

This interrupt is normally used following power on to reach an 
initializing program that sets up system starting conditions 
such as the initial values of the stack pointer, peripheral 
interface startup states, and initial program counter. The 
reset interrupt is also used to restart the system in the event 
that there is a lock-up or runaway. Since this interrupt is 
used to start or restart the system, no registers are saved. 
The process will retrieve an address from locations FFFE and FFFF 
and jump to those addresses. These locations are located in the 
Read Only Memory of the system. Standard procedure dictates 
that this address is an address of the startup routine in Read 
Only Memory (ROM). 

7.1.2 NON-MASKABLE INTERRUPT 

The Non-Maskable Interrupt is similar to the standard device 
interrupt except, as its name implies, the central porcessor 
must service this interrupt. This interrupt is principally 
used as a power failure interrupt. This interrupt may also be 
used to service a "Hot" device which cannot wait for anything. 
This interrupt is not used by the SPHERE SYSTEM. The processor 
will retrieve an address from locations FFFC and FFFD and jump 
to the indicated location. Sincethis feature is not implemented 
in the SPHERE SYSTEM, all SPHERE ROM's will indicate location 
010i+ as the NMI Interrupt Vector Location. 

7.1.3 SOFTWARE INTERRUPT 

The Software interrupt is provided so that the user can easily 
Save and Restore his registers. One convenient use of this 
feature is its peculiar ability to be useful as an Executive 
call. It is most often used to implement breakpoint or single 
stepped operation. Further information on the Operation of the 
SWI Interrupt Vector locations are FFFA and FFFB the SPHERE system 
default address is location 0100. 
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7 INTERRUPT INSTRUCTIONS AND OPERATION 

7.1 INTERRUPT THEORY OF OPERATION 



7.1.1* DEVICE INTERRUPT 

This interrupt is the mainstay of interrupt processing. It 
provides a convenient facility for rapid processing of device 
I/O and status. Locations FFF8 and FFF9 contain the address 
of the routine that processes- device interrupts. Typically 
the routine that processes these interrupts first checks the 
interrupts of highest priority. Below is a typical list in 
priority order: 

1. Process control devices requiring high speed response 

2. Character oriented devices (High speed) 

3. Character oriented devices (Low speed) 
k. Lowest speed DMA device (operation done) 

5. ' Highest speed DMA device (operation done) 

6. Lowest requirement process sense 

7. Requiring no immediate response 

Interrupt is vectored to location 0108. 

7.2 INTERRUPT PROCESSING INSTRUCTIONS 
7.2.1 RETURN FROM INTERRUPT 
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BOOLEAN/ARITHMETIC OPERATION 

DESCRIPTION 

The status of the computer at the time 
of the last interrupt is restored from 
the stack. The registers including the 
PC are restored and execution continues 
from interrupted task. 
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T INTERRUPT INSTRUCTIONS AND OPERATION 
7.2 INTERRUPT PROCESSING INSTRUCTIONS 



7.2.2 



SOFTWARE INTERRUPT 
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BOOLEAN/ARITHMETIC OPERATION 



DESCRIPTION 

The seven bytes of computer status are 
saved on the stack, including the address 
following the SWI instruction, which is 
saved for the return from interrupt. 
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7.2.3 WAIT FOR INTERRUPT 
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DESCRIPTION 

The seven bytes of computer status are 
saved on the stack, including the address 
following the wait instruction, which is 
saved for the return from interrupt. 
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8 ELEMENTARY PROGRAMMING TECHNIQUES 

A digital computer is capable of storing information, performing 
calculations, then making decisions based on the results of the 
calculations and arriving at a final solution to the given pro- 
blems. However, the computer cannot perform even a simple task 
without direction. Each step of the task must be worked out in 
advance by the programmer. 

The programmer must write a program for the computer to follow. 
The program consists of a list of instructions which the computer 
must follow step by step to arrive at the desired solution. This 
list of instructions, called a program, is based on a computational 
method which is sometimes referred to as an algorithm, to solve 
the problem. The program or list of instructions is placed in the 
computer memory to activate the control circuitry of the computer in 
a specific response pattern specified by the programmer to perform 
the computation algorithm. 

To solve a problem with a computer the progr amm er proceeds through 
five programming phases as listed below: 

1. Define the problem 

2. Determine a solution 

3. Analyze and design the program (flowcharting) 
k. Code the program in the programming language 
5. Program check out (debug) 

The following sections describe the procedures to be followed 
when writing a program. 

8.1 DEFINE THE PROBLEM 

Defining the problem is probably the most important step in the 
design of a program for much time and energy can be wasted in trying 
to get the computer to solve a problem with unknowns . Remember , the 
computer must know each step. The programmer cannot tell the computer 
to " do what I mean" . The computer must be given an exact set of 
instructions , it knows only "do what I_ say" . 

The major stumbling block in getting a computer to perform is generally 
found in the definition of the problem what is to be solved. If there 
is sufficient data available that can be given values which the 
computer can interpret it can solve very simple or very complex pro- 
blems. The problems which the computer can be directed to solve need 
to be defined in small enough segments that they can be easily under- 
stood by the programmer for he must instruct the computer in each 
step of the process. 
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8 ELEMENTARY PROGRAMMING TECHNIQUES 
8.1 DEFINE THE PROBLEM cont'd 



A simple arithmetic sequence to add two numbers may "be accomplished 
more rapidly with pencil and paper than writing the program to 
perform the same steps with the computer. The advantage of the 
computer is that if this same set of arithmetic operations must be 
performed many, many times with variable data now the computer 
can perform the additions much more rapidly. It is a trade off of 
using the tool, the computer, to perform the function for which it 
was designed. 

The programmer must realize that the definition must be accurate if 
the computer is to provide an accurate result. Defining the problem 
for the average of ten numbers is obvious. However, when the problem 
is to monitor equipment performance such as airconditioners or 
heating systems in a high rise building, or to optimize the electrical 
system loading, a precise definition of the problem is required. The 
question is what exactly must the program do? 

8.2 FINDING A SOLUTION 

Finding a solution is the second phase in solving a problem with the 
computer. There are as many different ways to solve a problem as 
there are programmers. The selection of one method over another is 
often determined by the particular hardware or computer system to be 
used. Finding the best solution to a problem varies in difficulty 
and in number of solutions with the complexity of the problem. Each 
individual programmer will evaluate a problem in the light of his 
own experience and will make judgments determined by his evaluation. 
Each individual programmer may select a different method for arriving 
at the solution and yet all may be correct in giving the same answer 
the same problem. 

Mastery of the computer instruction set is a requirement for design 
as well as programming to solve a problem. Efficient use of instruc- 
tions are important in considering execution speed and memory space 
requirements. It is interesting to note that over the years two 
specific goals have always been at odds with each other. As a general 
rule the faster a program runs, the bigger it is while the small 
programs tend to run a little bit longer. 

8.3 ANALYZE AND DESIGN (FLOWCHARTING) 

When a particular method is selected, based on the definition of the 
problem then the programmer must develop that method into a solution 
that will work. The programmer may now analyze and design the solutioi 
into a program. This is to be accomplished by identifying the steps 
that are necessary to solve the problem and arranging them into a logical 
order. A graphic technique called flowcharting has been developed as 
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8 ELEMENTARY PROGRAMMING TECHNIQUES 
8.3 ANALYZE AND DESIGN (FLOWCHARTING) 



cont ' d 



an effective method for representing the logical steps in a 
program. The flowcharting technique is an effective method 
for quickly graphing out a visual representation for the 
programmer to evaluate alternative approaches to individual or 
combination of steps of the program. The objective is to 
implement the method for solving the problem into logical steps 
which can be coded as instructions for the computer. Various 
flowcharting symbols have become standardized to indicate the 
processes which are to be accomplished by the computer. Normal 
process blocks, decisions and directional flow arrows between 
the symbols provide a quick reference for the programmer to 
scan through simple or complex portions" of a program. See 
Figure 8-1 
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FIGURE 8-1 



The flowchart organizes the processing steps which must be 
performed by the computer and provides a tremendous advantage 
to the programmer when he is determining which method will be 
used in the solving of a problem in addition the flowchart can 
be a valuable aid to the programmer when he is determining the 
coding required for program instructions and also for the checking 
of the program during the debug phase. The flowchart will be 
developed for use by the programmer. The amount of detail in the 
flowchart will be determined by the complexity of the problem and 
the experience of the programmer. Each programmer should remember 
that someone will come along after him and want to, need to, or 
have to understand the program, at this point a well done flowchart 
with sufficient detail and explanation will be valuable assets. The 
examples shown in Figure 8-2, 8-3, and 8-k illustrate a summation 
program and two sort programs . 
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8 ELEMENTARY PROGRAMMING TECHNIQUES 
8.3 ANALYZE AND DESIGN (FLOWCHARTING) cont'd 
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FIGURE 8-2 



Let X = A + B + C 
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8 ELEMENTARY PROGRAMMING TECHNIQUES 
8.3 ANALYZE AMD DESIGN (FLOWCHARTING) cont'd 
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8 ELEMENTARY PROGRAMMING TECHNIQUES 
8.3 ANALYZE AND DESIGN (FLOWCHARTING ) cont'd 
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8 ELEMENTARY PROGRAMMING TECHNIQUES 



8.k CODING THE PROGRAM 

On reaching this point the programmer is ready to "begin coding 
the program. This step is often called 'Programming'; however, 
it is really the coding phase of programming a problem. All of 
the preceeding steps and the following step must necessarily be 
accomplished as part of programming the computer for a problem. 
This step is properly called the Coding Phase. Coding the 
solution into the programming language or the language that can 
be understood by the computer. 

Early computers required that each machine instruction be con- 
verted into a binary number by a programmer. As machine usage 
and experience progressed assembler programs were developed 
to perform the conversion process. Now the programmer could use 
symbolic references and the computer would assemble instructions 
for itself. However, each instruction was still required to be 
written by a programmer. Macro Assemblers and Compilers (FORTRAN, 
COBOL, RPG, ALGOL, BASIC, PL/l) were developed to ease the burden 
of the programmer. A compiler instruction may generate one or 
many instructions. The program instructions can be stored in the 
computer memory and the problem can be solved by the computer. At 
this point the program is rarely complete. There are very few 
programs which function exactly as expected on the first try and 
thus the fifth programming phase must be performed. 

8.5 PROGRAM CHECKOUT (DEBUG) 

The program check out phase is referred to as the 'Debug Phase'. 
The reference to Debug refers to little flaws that may be in the 
program. These flaws may be instructions left out, instructions 
improperly sequenced, or tests operations which are performed 
incorrectly. These flaws, or bugs as they are called, must be 
found and corrected. The approach to debugging a program must be 
methodical, exacting, and requires testing of each step of a program. 
Don't just check out your program with ideal test data that your 
program was written to use, quite often programs fail when they are 
asked to use bad data to compute with. Make sure that your program 
can handle bad data and report error conditions instead of run off and 
output an answer that is not correct for the input . 
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9 SYSTEM SOFTWAEE 



The One Card Computer software is supplied to all users of 
the System 300 CPU card that do not have a larger system. 
The Program Development System is standard on systems 310, 
320 and 330 while SD0S is for the 3^0 user. All of these 
represent a unique approach to the software of a low cost 
computer system since no bootstrapping is required to begin 
execution; each system has enough Read Only Memory to contain 
the basic operating system while other computers require 
lights and switches. The operation of a SPHERE is through 
the ROM and standard I/O devices. 



9.1 ONE CARD COMPUTER SOFTWARE 

Contained in the two ROM's on the 300 CPU are teletypewriter 
1/0 drivers and a simple debug program. With this software 
and a 110 baud terminal or TTY one can develop programs and 
applications for many different things. 

9.1.1 ONE CARD COMPUTER DEBUGGER V2 . 

The one card computer debugger has the ability to examine and 
change memory, set and clear breakpoints, branch to a program 
and examine and change the registers while stopped at a break- 
point. The characters used for these functions are as follows: 

(g^B/ Breakpoint at opened location 
Clear breakpointed location 

Exit back to where breakpoint was encountered 
Branch to opened location 
Open a location 

Open location pointed to by (SP + l) 
Set stack pointer 
+ Open next location 

Open previous location 
(££) Change contents of the opened location 
(£&) End of numericfield, execute command 
The debugger is executed automatically by system reset: The 
prompt character "#" should be displayed. 

The most common procedure would probably be to open a memory 
location. This process causes the contents of the specified 
location to be displayed. To change the contents of that 
location, enter a space, new contents, and carriage return. 
To set a breakpoint on an opened location, press control and 
B at the same time. The breakpoint is set by saving the contents 
of the specified byte in a reserved location and replacing it 
with a SWI instruction. When the instruction with the breakpoint 
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9 SYSTEM SOFTWARE 
9.1 ONE CARD COMPUTER SOFTWARE 
9-1.1 ONE CA^ COMPUTER DEBUGGER V2.0 cont'd 

instruction which was breaknointed. To return flnT+t t 

enter control E <Vh* o fi , ra/ , return from the interrupt, 

the address of the uS opened locltion CS r t 88ist ?V° ntalnin8 
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ONE CARD COMPUTER SUBROUTINES 

are routines for input and n * V"! "^^ P ro S rams • Available 
uxnes i or input and output and a command dispatcher. 



CASC 



CNTRLO 



CO 



CRLF 



DSPA 



DSPX 



GDIC-IT 



Low k bits of accumulator A converted to 

^S 1 ^? U * put - High bits los t, condition 
code modified. 

Outputs an up-arrow as indication of a control 
character then outputs character in accumulator 
A, condition code register modified. 



Outputs character in accumulator A 
code register modified. 



Condition 



Outputs carriage return and linefeed. Accumulator 
A and condition code registers modified 

Outputs accumulator A in Hexadecimal. Accumulator 
A and condition code registers modified. 

Outputs index register in Hex. Accumulator A 
and condition code registers modified. 

Inputs echoes and converts the input to base 16 
Accumulator A contains returned valve, condition' 
^register modified; carry set if not hexadecimal 
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9 . 1 ONE CARD COMPUTER SOFTWARE 
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open location 1+00 

contents of location don't matter enter a N0P 

open next location 

enter op code of BRANCH ALWAYS 

enter relative address of branch 

open location 1+00 again 

check to see if program is right 

open previous location 

set breakpoint at 1+01, open previous location 

look where "branch was, now SWI instruction 

begin execution at opened location, 1+00 

SWI was forend at 1*01 

look at registers in stack 

condition code, doesn't matter 

accumulator B, doesn't matter 

accumulator A, doesn't matter 

high byte of index register 

low byte of index register 

high byte of interrupted program counter 

low byte of PC, clear breakpoint 

displays restored contents automatically 

set breakpoint at 1+00, exit current interrupt 

trap found at 1+00 

look at registers again 



index still points to location we did G from 

note PC, still address of next instruction 
but now 1+01, not 1+02 as above 

with breakpoint cleared, return from interrupt 
program goes infinate 



FIGURE 9-1 
OPERATION OF ONE CARD COMPUTER DEBUGGER 
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9 SYSTEM SOFTWARE 
9-1 OWE CARD COMPUTER SOFTWARE 
9-1.2 ONE CARD COMPUTER SUBROUTINES cont'd 



INPCHR Inputs and echoes character. Accumulator A 

contains character, condition code register 
modified. 

INPNUM Last k hexdigits placed in X. Accumulators 

and condition code register modified. 

MSGOUT Outputs a message terminated "by a byte of zero, 

X contains message address. Index accumulator 
A and condition code registers modified. 

PCOM Dispatcher. Index register contains address of 

table of three byte entries, accumulator A 
contains key character. Outputs "?" if contents 
of A not in table else JSR's to specified routine. 
All registers used. Table format: one byte 
character, two byte address, etc. ended with 
character byte = 0. 

SPACE Outputs ASCII space. Condition code modified. 

9 . 2 PROGRAM DEVELOPMENT SYSTEM 

The software, consisting of a debugger, assembler, editor, 16 bit 
arithmetic, and ASCII conversion routines, allows for development 
of user software in much the same way as large disk based systems. 
The SPHERE Debugging Aid (SDA) is designed to allow the user to easily 
view and alter the contents of memory or CPU registers from the key- 
board-CRT display. The Mini-Assembler allows the user the ability 
to input source assembly language programs (via the editor) and output 
absolute binary object code. It can handle up to 62 symbolic addresses, 
different operand sizes and octal, decimal hexadecimal, and symbolic 
operands. The operation codes are entered in hexadecimal (i.e. ADDA 
immediate is "8B"). Included is a set of routines for 16 bit arithmetic 
manipulation. The routines include 16 bit multiply and divide as well 
as ASCII-to-BINARY and BINARY-to-ASCII conversion routines operating 
on 16 bit binary numbers. On the SIM board included with systems 320 
and 330 are subroutines to perform input-output on audio cassettes, 
modems or serial devices thru Asynchronous Communications Interface 
Adapters. The system includes a built in CRT based editor allowing 
scrolling and text insertion and deletion based on a cursor, allowing 
easy test manipulation. 

When power is turned on, or when a manual reset is performed the 
system initializes its parameters and goes into executive mode. 
Entry into executive mode causes the display to blank and enables 
input from the keyboard. All valid commands are a single character. 
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9 SYSTEM SOFTWARE 

9.2 PROGRAM DEVELOPMENT SYSTEM cont'd. 



If a Non-command character is entered it will be echoed, 
and followed by a Carriage Return. The acceptable Command 
Characters are, listed below with their associated function: 



"Ctrl A" 
"Ctrl D" 
"Ctrl E" 
"Ctrl R" 



ASSEMBLE 
DEBUG 
EDIT 
RE-EDIT 



9.2.1 MINI-ASSEMBLER 

The Mini -Assembler is entered via the Ctrl A Command from the 
keyboard to assemble source code from a fixed position in 
memory. The low memory pointer SRCASM is set up by the editor 
to point to the start of the source code. This assembler requires 
that only one statement reside on a line at a time. Each line to 
be assembled must appear in fixed format. Each line must end in a 
carriage return, however, the CR is not recognized until after 
column 8 of the input line. Below is a description of the assembler 
statement format. 



Example 

Input position 



B__„lF_E^23.l4_ 
1 2 3 h 5 6 7 8 9 10 11 



LOCATION TAG: Position 1 

This position contains any one of the Sixty three ASCII 
characters or a blank. Placing a non-blank character 
in this position allows the user to access the location 
in other places by a label rather than an address. 

EQUATE: Position 2 

This position may contain an "=" or a blank. If it is 
equal to "=", then the location label (position) will 
reference the location specified by the operand. 
(position 8 +) 

OP-CODE: Position U and 5 

These positions may contain spaces or a two digit, 
hexadecimal equivalent of an instruction code. If the 
field is blank no allocation of memory will be mace for 
the instruction code. Otherwise the supplied two hexa- 
decimal digits will be converted to a single byte and be 
deposited in the current assembly output location. 
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9 SYSTEM SOFTWARE 
9 • 2 PROG-RA M DEVELOPMENT SYSTEM 
9-2.1 MINI-ASS EM3LER cant ' d 



OPERAND TYPE: Position 7 

This field may contain one of the three letters 
R, D, E, or a blank. If the operand type is 
blank no operand will he evaluated and no allocation 
of memory will take place. An "R" specifies that the 
operand in positions 8 + will create one byte of data 
relative to the current label assignment plus 2, this 
operand type is used for branches. A "D" specifies 
thai; the operand in position 8 + will create one 
byte of data. An "E" specifies that the operand in 
positions 8 + will create two bytes of data. 

OPERAND VALUE: Positions 8 + 

These positions must be terminated by a space or a 
carriage return. The four forms of operand values are 
described below: 

(1) g - The at sign "@" followed by a single 
character indicates that data shall be 
referenced at the location specified by 
the letter following the "@". The 
reference is to the last definition 
encountered before it is used. The 
definition can be mo.de or either the 
first or second pass (backward or forward 
references respectively ) 

(2) One or more hexadecimal characters. If a 
number overflows the 16 bit BA register, 
only the low order l6 bits are saved, high 
order bits are best. 

(3) One or more decimal digits proceded by a 
period. 

(h) One or more octal digits preceded by an 
asterisk. 

An origin may be defined by using a blank tag equate. To 
end a program, type 'END' on the last line-. The start of 
executable code will be at the end of the source text or 
at the location specified oy an origin statement. The 
assembler returns to command mode on completion. No errors 
are flagged in the mini-assembler, so be sure to check your 
object output . 
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9-2 PROGRAM DEVELOPMENT SYSTEM 

9.2.2 SPHERE DEBUGGING AID (V3N, V3D) 

The SPHERE Debugging aid is designed to aid the user in 
debugging his programs. It allows the user to perform 
functions usually done through the front console, such as 
modify the contents of a location or start program execution, 
as well as debug programs. It is entered from command mode 
by typing a (5/d). Initially the "> " will appear indicating 
that a debug command will be accepted. The following are the 
acceptable debug commands : 

Space CHANGE After the contents of a location have been dis- 
played and the user wishes to change the contents of the 
location, he may type a space followed by an octal, 
decimal or hexadecimal number. Octal numbers are prefixed 
by an asterisk, decimal numbers are preceded by a period. 

+ OPNNXT When the plus ("+") is typed the location following 

the last displayed location will be displayed and available 
to other commands . 

OPNPRE When the minus ("-") is typed the location prior to 
the last displayed location will be displayed and available 
to other commands . 

(C/Bj BRKSET This feature causes program operation to cease at the 
current location whenever it is encountered. This breakpoint 
instruction is accomplished by placing a SWI instruction in 
the last examined location and saving its prior value in a 
location in low memory. This feature is requested by typing a 
<67]|. Breakpoints are used in place of a front console single 
step switch. 



C/C/ CLRSET The breakpoint is cleared when a (f/cj is typed. The 
location that was replaced by a SWI instruction by breakset 
is returned to its original value. The location is auto- 
matically displayed. 



C/EJ EXIT AQ/EJ) is typed when the user desires to resume operation 

after a breakpoint has been encountered. The breakpoint causing 
the interruption must be cleared before an Exit is performed to 
allow the program to continue execution. 



GO When a (5/Gj is typed control is transferred to the program at 
the location last examined. 
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9 . 2 PROGRAM DEVELOPMENT S YSTEM 
9.2.2 SPHERE DEBUGGING Aj.D (V3N, V3D) cont'd 

(c/JJ JUMP Jumps to a user subroutine. This instruction uses a 

"" JSR to exit from the Debugger while the (STffi (go) command 

uses a JMP. 

(c/o) OPNLOC Opens the location whose address is typed in and 
displays the byte contents in hexadecimal format. The 
address is typed in immediately after the and can be an 
octal, decimal or hexadecimal number. The address is then 
printed out on the next line as a hexadecimal number followed 
by a space and the contents of that memory location. 



(C/RJ OPNREG or OPNTOS This instruction opens the Top-Of-Stack. 

This is used for stepping through the contents of the stack. 
When DEBUG is entered by a breakpoint, this instruction is 
used for examining and modifying the CPU registers. When a 
breakpoint is encountered, the register contents are put on the 
stack in the following order: 

SP 



SP 


+ 


l 


Condition Code 




3P 


+ 


2 


Accumulator B 




SP 


+ 


3 


Accumulator A 




SP 


+ 


1+ 


Index Register 


HIGH 


yp 


+ 


5 


Index Register 


LOW 


SP 


+ 


6 


Return Address 


HIGH 


SP 


+ 


7 


Return Address 


LOW 



By stepping through the stack with + command, the registers 
can be examined and changed. 

(c/g) SETSTK Set stack command. This instruction sets the stack 
pointer to point to the currently opened location. This is 
used for changing the stack location from its initial reset 
position of 01FF X . 



(C/T/ OPNTBL Opens the symbol table. The location opened is the 
"" address of the first character symbol following the T command. 

The symbol is any one of the symbols used by the Assembler, 
including the space symbol (program counter). 

(c/X/ EXEC This command exits from the Debugger and returns to the 
executive command interpreter. 

\ESC) The escape character is used to terminate numeric input in the 
"~" debugger . 
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9 . 2 PROGRAM DEVELOPMENT SYSTEM 

9.2.2 EDITOR 

The editor is a routine that does input to a buffer from the key- 
board/CRT. It allows for modification of text by cursor manipulation. 
It is entered by the character (C7?j) typed in the command mode. The 
editor allows for scrolling in order to allow editing of a text segment 
larger than can be displayed on the screen. If the cursor is moved 
off either end of the screen, it causes text to be scrolled up or down. 
The editor commands are as follows : 

KBD/2 KBD/1 



U2 




(HOME) sets cursor to home position. 



iOME 



A 



(U/KBD- 
@ 



/D) 



NOTE: 



clears the screen from the cursor position to the 
bottom of the screen. 

moves cursor up one line. 

moves the cursor one position to the right. 

moves cursor down one line. 

moves the cursor one position to the left. 

moves cursor to left of screen. 

carriage return - puts cursor to left of screen en 
the next line. 

deletes the top line on the CRT. 

insert new line at the top of the CRT 

exit from the editor back to executive. 

./' 
Each line must have a carriage return from proper 

scrolling. 



9.2.4 RE- EDIT 

The re-edit command is called from the executive and allows source 
text to be revised. When entered, the previously edited text is in 
the low part of the edit buffer. This text can now be scrolled back 
down onto the screen from the edit buffer by moving the cursor off 
the top of the screen. Note that if the cursor is moved up past the 
top line, the editor will move the cursor to the bottom line and 
insert a blank line (a line with a carriage return only) at the 
beginning of text. 
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9 SYSTEM SOFTWARE 
9.2 PROGRAM DEVELOPMENT SYSTEM 



9-2.5 UTILITIES 

The utility routines are a set of subroutines residing in PROM and 
used by other PDS routines. They are called by: 



JSR 



E, SUBNAME OR 



BDaaaa 



where aaaa is the address of the utility routine. 



and make use of reserved locations in low memory as described in 
Appendix J. All parameters are passed through low memory locations 
or registers. Low memory psuedo registers are also listed in the 
memory map. 

ADD32 moves cursor down one line, CSRPTR is passed to ADD32 
in X, returned in CSRPTR, scrolls if necessary. Uses 
accumulator B. 

ASCBIN This routine converts from an ASCII number string pointed 
to by the index register to an unsigned binary number in 
accumulators BA. Conversion is from Octal, Decimal, or 
Hexadecimal. The base is specified by the first digit of 
the string, decimal has a '.' (2E X ) for the first digit, 
octal has an ASCII character less than 2^ for the first 
digit (*,'.,$,%,#, to name a few). If the first digit is 
numeric or alphabetic it will be considered part of a hex- 
adecimal number. 



BINASC 



CLEAR 



The BINASC routine converts a 16 bit number in accumulators 
BA into a string of ASCII digits starting at the address in 
the index register. Conversion can be any base from base 2 
to base Ul. For bases greater than 10, the ASCII alphabet 
A-Z and the following characters are used for representing 
digits, as is the case with hexadecimal. The base is 
specified in ARB. Upon return, the index register points 
to the last character output plus one. 

The CLEAR subroutine stores internal carriage returns 
(60 x 's) from the cursor position to the end of the CRT 
display. Both the index register and accumulator B are 
used by this routine. 



CRLF prints carriage return - line feed. CSRPTR is passed to 
CRLF in S, returned in CSRPTR but not in X. 

DEBUG This is the entry address to the debugger mentioned 
above. The DEBUG routine is a main-line program, 
not a subprogram; JMP to it, don't JSR. 
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9.2 PROGRAM DEVELOPMENT SYSTEM 
9.2.5 UTILITIES cont'd 



DIVIDE This subroutine divides the 16 bit number in accumulators 
BA by the 16 bit number in ARA. This routine modifies the 
index register. 



-» 



BA-quotient 
ARA-remainder 



EDITIN The EDI TIN routine provides an input routine that 

can read a screen of text using cursor controls and 
carriage returns and returns to the caller when an 
ESC is pushed. Low memory location SCNPTR points to 
the start of the text. 



EDITOR The Editor routine allows a string of characters to be 
read in from the keyboard, echoed on the CRT and stored 
in buffer memory. Editor contains the editor described 
above. It starts inserting characters at the location 
specified in BUFADR and continues until BUFEND is hit or 
the character in ENDCHR is typed. At restart time, BUFADR 



is set to 200 



X' 



BUFADR to FFF X . 



set to the ESC character, 
be non-zero. 



On 



ENDCHR is permanently 
input accumulator A should 



EDITRD This entry point to the REEDIT subroutine skips the 
blanking of the CRT. Like the EDITOR and REEDIT 
subroutines, accumulator A should be non-zero. 

GETCHR The GETCHR subroutine inputs one single character from the 
keyboard while blinking the cursor at the screen position 
pointed to by CSRPTR. The character value is returned in 
accumulator A, the cursor pointer is in the index register 
as well as CSRPTR. 

HOME homes cursor. Both CSRPTR and the index register are 
reset to the first location of CRT display. 

INPCHR does GETCHR and PUTCHR. 

INPNUM Inputs a string of characters terminated by an (ESCp 
character then calls ASCBIN to convert the string to 
a binary value in' accumulators B,A. 



LFTJST 



MULT 



moves cursor to the left of the screen. 
B. 



Uses accumulator 



The MULT routine multiplies 2 unsigned 16 bit numbers to 
give a .16 bit result. Accumulators BA X ARA-»BA. The 
index register is used in this routine. 
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BD 
DT 
07 

BJ 
BD 
97 
kF 

97 

BD 

D6 

96 
DE 
BD 
BD 



DC]® 

efeeIj@> 
d?9® 




D$@ 

EFDil^ 

DCtf£g> 



EFF61 
EFDllrf 



sen 



€§> 



_Wfl£sc 
7 BK 2g) 



tflF9_xx+ 

Aifa ggV 

fllFB 12+ 
01FC xx+ 
glFD xx+ 
QflFE $k+ 
glFF gfn 

EgpsoES 
SaSsH 




JBR 

STAA 

CLRA 

STAA 

JSR 

LDAB 

LD/--A 

LDX 

JSR 

JSR 

BRA 

i :i ■• d 



tmpa 

CRLF 
U5IFKIJM 

AR2 



as system starts up in EXECUTIVE node, enter Editor 
origin this assembly to *»00 x 

define label S to this instruction, P JR1-. INPUUM 
P.TAB T"PB save input number 
to be converted 

output carriace return - line feed 
input number for base 
set up number for base 
of conversion 
AH 3 
GKLF 

TMPB restore number to convert 
TKPA 

CSRPTh pick un address to output to 
BI'JASC convert and output the number 
CRLF output a carriage return - line feed 
S do it again 

last statement of assembly is EliD 
scroll all text off screen withCggJ'fi 
exit the Editor 
Assemble the Editor's output 
execute Debug 

open a location and set a breakpoint to show 
hov it works, not necessary for proper execution, 
open first location of prop-ram and bepin 
execution. Enter number to convert 
breakpoint encountered, Debug entered automatically 
open top of stack, see condition code register, 
accumulator B, 
accumulator A, 
index register I1IGI., 
index register LOW, 
program counter HIGH, 
program counter LOW, clear breakpoint 
automatically displays restored valu^ . Exit breakpoint 
enter case 

12 v converted to base 2=10010 
enter number to convert, B0 A 
enter base, 10 x -l6 A 
output converted number, 50 x 
enter number, 527o 
enter base, 1*0 A 
output converted number, *K* 4 q 



PDS OPERATION 
FIGURE 9.2 
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9 SYSTEM SOFTWARE 

9.2 PROGRAM DEVELOPMENT SYSTEM 
9.2.5 UTILITIES cont'd 

OUTSTR The OUTSTR routine displays the character string from 
OUTBUF to OUTEND on the CRT starting at the current 
cursor location. 

PNTBYT This subroutine displays the A accumulator at the 
current cursor position. 

PUTCHR The PUTCHR subroutine takes the character in accumulator 
A and displays it on the CRT at the position pointed to 
by CSRPTR. The cursor is then advanced by one. If the 
character printed to is a carriage return, then the cursor 
is put to the first position on the next line. Also 
scrolls. Both accumulator B and the index register are 
modified. 

REEDIT This subroutine entry is similar to the EDITOR sub- 
routine mentioned in this section except the BUFADR 
and BUFEND are not initialized by this entry point. 
The screen is still blanked by this entry point. 

SUB32 moves cursor up one line, scrolls, uses index and 
accumulator B registers. 

9.3 SPHERE DISK OPERATING SYSTEM 

SPHERE SYSTEM 3^0 computers with floppy disks and lineprinter 
are supplied with SDOS. The SDOS is contained in ROM and on 
each initialized disk. In the IK ROM are the disk handler and 
Debugger routines while on the disk reside the Editor, Assembler 
and resident SDOS programs. Using the disk handler the resident 
portion of SDOS is loaded and then application or system programs 
can be loaded and run. 



9.3.1 SDOS DEBUGGER 

The Debugger in SDOS resides in ROM and provides the ability to 
examine memory, change memory and execute programs. The basic 
commands also include the loading of the SDOS resident. When a 
system reset is performed this mode is entered. Valid commands 
include : 

Examine memory 
Change memory 
Execute memory 
Invoke SDOS 

Invalid commands are echoed and followed by a question mark (?). 
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9 SYSTEM SOFTWARE 
9.3 SPHERE DISK OPERATING SYSTEM 
9.3.1 SDOS DEBUGGER 



9.3.1.1 EXAMINE MEMORY 



To Examine memory the address of the location of interest is 
typed and followed by a slash (/). The contents will be dis- 
played immediately after the slash. Consecutive locations can 
he displayed by entering a slash for each location desired. 



9.3.1.2 CHANGE MEMROY 



After a location has been examined, it may be changed by 
entering a space, new contents and a carriage return. The 
sequence might be as follows: 



123^/55 Ai@ 



9.3.1.3 EXECUTE MEMORY 



Aprogram may be executed by typing the execution address and a 
^Vy. No characters should intervene between the number and the 
Control-G. 



9. 3-1. ^ INVOKE SDOS 



The full powers of the Disk Operating System are brought to force 
by reading in the resident portion of SDOS from disk. When (67|? 
is entered that portion required to access the disk's files is 
read in and control is passed to it. If the resident is present 
but has lost control to an application program, control can be 
returned by manually reseting the system and Executing Memory 
at location 100. This does not read in the resident again, just 
begins its execution. 



9.3.2 SDOS RESIDENT EXECUTIVE 

The disk operating system executive handles the commands that 

may be considered the utilities of the disk system. The following 

sections give the specifics of the commands in SDOS. 
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9.3.2.1 ASSEMBLE 



An,m,p@> 

This command specifies execution of a Motorola type assembler 
with file number 'n' as source input, file 'm' as object 
output and assembled by parameter 1 p' as follows: 2=object 
only, 3=pass II list only, k both object and pass II listing. 



9-3.2.2 COPY DISK 



C 

Copy the contents of disk drive unit to unit 1. Prior 

to this command a Home command should be issued. This process 

takes approximately seven minutes as the whole disk will be 

copied. 



9.3.2.3 EDITOR 



En,m© 

This command passes control to the Editor and specifies 

file 'n' as input and file 'm* as output. 



9.3.2.4 HOME 



HuQR; 

The Home head command causes the head on the disk drive 'u' to 

return to its reset or home position. 



9.3.2.5 INITIALIZE 



Iu@ 

The initialize command is used to cause the user file directory 

on drive 'u' to be cleared of all files. 



9.3.2.6 LIST 



Lu@ 

The list directory command causes the seven directory entries 
to be listed. The entries show file number, file name, and 
used space. 
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9.3.2.7 RETURN TO MONITOR 



M 

The 'M' command is used to return control to the Debug 

supervisor. Note that a @ is not necessary. 



9.3.2.8 NAME 



Nm,xxxxxxxxxx@) 

The file name command allows the user to name a new file or 
change the name on an old file. The file name can be any 
alphanumeric character calling space, 1 to 10 characters. 



9.3.2.9 PRINT 



Pn® 

The Print command will allow file 'n' to be dumped to the CRT 

screen. 



9.3.2.10 RUN 



Rn@ 

The run command causes file 'n' to be loaded but not executed. 
To begin execution the user exits the resident and executes 
the loaded program with Debug' s Execute Memory. 



9.3.2.11 TRANSFER 



Tn,m© 

To transfer or append the contents of file 'n' to file 'm' 

this command is used. 



9.3.3 ASSEMBLER 



The assembler is invoked with the SDOS command An,m,p as 
explained in section 9.3.2.1. Source programs are usually 
written with the EDITOR and then are assembled. Source 
programs may contain any of the 72 executable instructions 
explained in sections 6 and 7 of this manula and any of the 
assembly directives which are covered in Figure 9.3. 
Characters recognized by the assembler are the alphabetic 
characters A-Z numeric characters 0-9, and arithmetic operators 
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9 SYSTEM SOFTWARE 
9.3 SPHERE DISK OPERATING SYSTEM 
9.3.-3 ASSEMBLER 



END End of Program 

EQU Equate a value to a symbol 

FCB Form a Constant Byte of Data. One or more operands 
seperated by commas , each operand produces one byte 
of data. 

FCC Form Constant Character Bytes produces 7-bit ASCII 

codes 20 through 5F X > May be in the format of Count. 
Comma, Text; 9 , TEXTWtftfb' ; or delimeter, text, delimeter; 
tfTEXTb' or 'TEXT'. 

FDB Form Double Constant Byte 

One or more operands seperated by commas, each operand 
produces two byte of data. 

NAM Nam e 

defines a name for the program listing. 

0PT Option 

Allows the user to control the type of output generated. 
Options include List *, Short List , Nolist , Symbo l table*. 
No Symbol , Generate full code of FCC's*, No Generate , 
Error list*, _Short Error list, No Error , Page *, Nc 
Page seperations, Tab *, No Tab suppresses horizontal 
formatting, Display Base 8, Display Base 10, Display 
Base 16*, Mem saves object, No Mem *. *=default for most 
systems, may be altered. 

ORG Origin 

defines origin of a program segment. 

PAGE Page 

advance to top of next page. 

RMB R_e serve Memory Bytes 

advances program counter by value of the operand field. 

SPC Space lines 

advances listing by the number of lines specified in 
the operand field. 



ASSEMBLER DIRECTIVES 
FIGURE 9.3 
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# (Pound Sign) specifies the immediate mode of addressing 

$ (Dollar Sign) specifies a hexadecimal number 

% (at symbol) specifies an octal number 

% (percent) specifies a binary number 

' (apostrophe) specifies an ASCII literal character 

, (comma) seperator within a field parameter 

CR (carriage return) end of line character. 



FIGURE 9. U 
Special Characters used by the Assembler 
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-!-,-,/,*. Also recognized for special purposes are the characters 
in Figures 9-^. Lahel fields must begin in column 1 and all 
fields must be seperated "by at least one space. Labels must 
not be the single characters A,B, or X as they are reserved for 
the register designations. Operand field expressions are 
evaluated from left to right without parenthetical grouping and 
with no heirarchy of precedence of operators. All arithmetic 
will be integer. Comments can follow the operand field when 
seperated by one or more spaces. The whole line can be used as 
a comment if the first position of the line is an asterisk. 



9-3.U EDITOR 



The SDOS Editor is a cursor based editor which allows the 
user to enter and modify text and source for later assembly or 
other processing. The Editor is called and executed by the 
SDOS Command En,rr^R) Any number of commands can be entered and 
they will be executed in order, left to right. Input is ended 
with double (|SC) character. 



9.3.U.1 APPEND 



A 

Append inputs about 50 lines of text from the input device to 

the edit buffer. 



9-3A.2 BEGINNING 



B 

Moves the cursor to the beginning of the edit buffer. 



9. 3. ^.3 CHANGE 



Cstringl(Ej3C>tring2 

Replaces the first occurrance of "stringl" with "stringP" 
Cursor is left at the end of the second string. Terminate 
string2 with a single (fsg) if more commands follow. 



9-3. 1 +. i + DELETE 



nD 

Deletes 'n' characters either forward (■*-) or backward (-) from 

cursor. Cursor is always considered between characters. 
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9.3.U.5 END 



E 

Terminates the edit operation by writing the contents of the 
edit buffer to the output device and copying the rest of the 
file to the output device. 



9.3.U.6 INSERT 



Istring 

Inserts characters or lines into the edit buffer after the 

cursor. Terminate string with an (|JSg) if other commands follow. 

String may contain any valid characters except (|scj). 



9..3. 1 +.7 KILL LINES 



nK 

Deletes ' n' lines from the edit buffer from the beginning of 
the line the cursor is in. 



9-3.14.8 LINE 



nL 

Moves the cursor backward (-) or forward (+) 'n' lines from the 
beginning of the present line. 0L moves the cursor to the 
beginning of the current line. 



9-3.U.9 MOVE 



nM 

Moves the cursor backward (-) or forward (+) 'n' characters. 



9.3.^.10 PUT 



nP 

Puts 'n' lines of text to the output device. 



9.3-^.11 SEARCH 



S string " 

Searches the "buffer from the cursor for the first occurance of 
"string". Places the cursor after the string if it is found 
or leaves it undisturbed if not found. 
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9.3.U.12 DISPLAY 



nT 

Displays 'n' lines from cursor forward (+)or from '-n' lines 

back forward to the cursor. 



9-3.U.13 END 



Z 

Moves cursor to end of edit buffer. 



9.k SPHERE BASIC 



This section will be provided when the final version of Basic 
is ready in the Fall of 197'6. 
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10 SPHERE BASIC SYSTEM 

The SPHERE basic computer system consists of: 

1. MOTOROLA MC6800 MICROPROCESSING UNIT with 
control logic. 

2. 1,02U 8 bit words of Reprogrammable Read only Memory 
Preprogrammed with the Micro Editor, Assembler, debugger, 
load & dump routines and the Mini-Executive 

3- k,096 8 bit words of Dynamic Random Access Memory 

k. ASCII Keyboard for inputting data 

5. TV (or CRT) Driver logic for output display of data 
(TV not supplied with kits) 

6. Peripheral Interface Adapter to allow user to interface his own 
I/O device (s ) . 

7. Power supply, which supplies power to all components of system. 
10.1 BUS STRUCTURE 



The System Bus provides the address, control, and bi-directional 
data lines between the CPU and the peripherals via three separate 
flat ribbon cables and ik pin dual-in-line connectors. These cables 
are carried from one device to another in a common bus fashion. 
All peripheral devices are tied onto the bus in parallel and constantly 
monitor the address lines. If a device detects its own unique address, 
it responds as required, depending upon whether the data transfer is a 
read or write function. Each signal is driven from the CPU throu^n 
Tri-State buffers. This technique of a common bus I/O structure nakes 
it possible to connect many devices to the bus and makes interfacing 
requirements simpler. The signals that make up the System Bus are 
described under the CPU description. 

10.2 THEORY OF OPERATION 

The only thing any computer can do, from the largest to the 
smallest, is transfer data from one place to another. During 
transfer, however, the data can be altered or manipulated ir/ 
various ways by the CPU, such as adding two peices of data 
together and transfering the results to a device such as memory. 
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10 SPHERE BASIC SYSTEM 
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This function of transfering of data is done under program control 
to accomplish a given task. In addition, the CPU is capable 
of making logical decisions based on results of tests performed 
on data and altering the program sequence or flow accordingly. 
The computer cannot think for itself - it performs sequences of 
"instructions" that it understands and can act upon which have 
been stored in memory in the form of a functional program. The 
program counter is the register the CPU uses to determine which 
instructions to perform - it "points" (or provides the address) to 
the next instruction to be executed in memory. 



A typical sequence to perform an Addition of two number is as 
follows : 

LDAA 

ADDA 

STAA 



1. The CPU sends an address out on the address bus along with a 
read on the control bus. The memory responds by sending an 8 bit 
operation code to the CPU which saves this data in the Instruction 
Register. At this time the Program Counter is incremented by one. 
It is in the Instruction Register that the 8 bits of data are 
decoded into commands the CPU can understand. In our example a 
96 x was placed into the Instruction Register and decodes to a 
"Load Accumulator A Direct" from low memory. Since "low memory" 
describes 256 different locations, something needs to indicate which 
location. The 9o x tells the CPU to read the memory location which 
follows the operation code for an absolute address. The memory 
responds with Cl x which the CPU saves in the lower byte of Data 
Address Register. The Program Counter would be incremented again 
since one more byte of the program had been fetched. Now that the 
CPU has the actual data address, that address and another read command 
can be put onto the buses. The memory will respond with the contents 
of location 00C1 X which might be a 23 x - This data is put by the CPU 
into the A Accumulator. To execute a LDA A direct from Cl x the CPU 
took 3 cycles. 

2. Now that the LDA A is complete the CPU goes back to the Instruction 
Fetch mode. The Program Counter is placed on the address lines and a 
read is performed. The data read, 8B X , is placed into the Instruction 
Register to be decoded. The CPU recognize the op code as a ADD A 
immediate instruction. Immediate means that the operand follows the on 
code and is not elsewhere like the LDA A above. The CPU 
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afcam 



puts the updated Program Counter back on the address bus and 
request a read from the device recognizing the address as being 
itself. The memory responds with the data, Ck x which the CPU adds 
to the A accumulator. The Program Counter is again incremented and 
the instruction is completed, taking 2 CPU cycles. 

3. Now in accumulator A is the sum of the contents of memory location 
Cl x , which was 23 x , and Cl+ X or h7 x - The Program Counter now points to 
the next instruction's op code, which is fetched by the CPU. The 
instruction decode logic recognizes BTj as a STA A extended op coa 
and now must get the extended address of where to store accumulator A. 
The CPU again places the PC onto the address bus, asks for a read and 
gates, or directs the incomming data bus to the high order byte of the 
Data Address Register. The Program Counter is advanced and another 
fetch is performed to the low order byte of the Data Address Register. 
The Program Counter is advanced again after the second address fetch 
so that at the end of this instruction it will point to the next 
instructions' Operation Code. The Data Address Register would nov. be 
connected to the system address bus, the A accumulator connected to the 
data bus and a write command given on the control bus . The data i n 
Accumulator A is thus copied to the location whose address followed 
the Operation Code. 

Note that the CPU only did three instructions and that while it takes 
a human seconds to read the written instructions which left out -'eny 
details, the CPU took only 15/1,000,000 second to do it. All the CPU 
did was to transfer two operands from memory, add them together rnd 
then store the result back in memory. If the result of the addition 
was zero, or a negative number, or the result of the addition was a 
number too large to fit in the 8 bit accumulator (overflow), then the 
program could have tested the condition code register for these and 
altered the program sequence accordingly. The computer can only do 
what it is told, in a sequential fashion, but does it at such high 
speeds compared to a human, that it becomes a tremendously valuable 
tool. 



10.2.1 CRT/1 



The CRT control module stores data received from the CPU in a 512 
word static RAM, arranged as a l6 line by 32 word buffer. The CRT 
buffer memory can be accessed from the CPU or by the address generator: 
E6, 10, 11, 22 on the CRT board when the screen is being updated. K3, 
k, 5 determine whether the CPU address lines or the CRT generated add- 
resses will be supplied to the buffer. This is done via the CPU 3ddres 



10 SPHERE BASIC SYSTEM 
10.2 THEORY 0? OPERATION 
10.2.1 CRT/1 cont'd 



decode logic and the resultant "CPU SELECTED" signal. (i.e.., the 
buffer is a psuedo dual-pa.rt memory; either the CPU is accessing it 
or the CRT update circuitry.) Since the buffer looks like memory to 
the CPU, it can be written into or read out of. The data transfer 
direction is determined by the R/W control line. 

The Video display format is comprised of 16 lines containing 32 char- 
acters each. Each character is made up of 35 dots in a 5 x 7 arrange- 
ment with 5 horizontal and 7 vertical dots. A character generator (2513) 
decodes the ASCII data provided into the correct dot pattern for the 
character being displayed. Horizontal spacing of characters is accom- 
plished by displaying a blank dot column between each character. Vertical 
spacing is accomplished by sweeping three blank video lines between 
each character. The first line A B C D is generated by having the 
row select of the character generator then as the row counter counts 
off Rows 1 thru 7, Rovrs 1 thru 7 of the character are decoded and 
processed but when E22-11 sees the 8 and 9 counts of the row counter 
through E27-3 its output goes low thus enabling the video blanking 
circuitry which places all zeros on the row select of the character 
generator creating the other two blank lines. 

Along with video information a vertical and horizontal Sync must 
be supplied. 

Oscillator E29 initiates the horizontal Sync pulse which is fed thru 
inverter El6 to E2^ pins 5 and 10 where a U-us horizontal Sync pulse 
is generated. The pulse goes to E12-5 where it is wire or'ed with 
the vertical Sync pulse. 

The falling edge of the Sync pulse on E2*+-8 triggers E31 a one shot, 
which puts out a positive pulse on pin 13 that is adjustable by 
R19 from k to20us. A delay pulse causes a lag between the beginning 
of a video sweep and the generation of characters, giving an adjustable 
left hand margin. Q of E31- 1 * inhibits dot oscillator E31-12 through 
AND - OR - INVERT gate E28. E31-13 resets E6 and Ell, the l6 - bit 
counters that keep track of the selected horizontal character. Since 
we are starting a new line, we must clear the counter to prepare it for 
in coming data. At the end of a negative going pulse on E31- 1 * the row 
counter, E22, is incremented and in the case of a ripple carry, E10, 
the line counter is incremented as well. 

Keeping track of the 10 rows of horizontal lines forming each character 
is the job of E22 , a decade counter which has a unique BCD output for 
each seven rows of dots and three blank rows used for painting a char- 
acter and supplying vertical spacing. 

A^ bit counter, E10, keeTjs track of the l6 sets of ten row lines. 
Together E22 and E10 provide a distinct BCD code for each of the 1C x 
16 video scan lines. A complete video fr aire contains around 262 lines. 
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Since the scan line counter E22 and E10 can only count to l60 
it is allowed to run for another cycle., E23 has been in the nigh ..tor, 2 
during the last l60 scan lines and is now toggled via and gate 1:2 ,'-c 
and NAM) gates E2U-11 and E18-8. Tne video blanking circuit for the 
character generator is activated when E23-9 (Q) is toggled low ar.d 
forces the generation of blanks from the character generator. 

This continues until the line counter gets to ko . Lines kO throt tn JO 
are then used to generate the vertical Sync. NAND gate E].8 along 
with inverters El 6 pins 8, 10 and 12 perform the actual line number 
decoding. The out put of the horizontal oscillator is IIAIJD'ed as 
well in E18-6 with the line counter data, this chops the vertical 
Sync signal required by the video monitor. The output at E18-6 
is fed to El-2-k where it is joined with the horizontal Sync to f; rvr- 
the composit Sync signal at the output of ANDgats E12-6. At line 
50 the vertical Sync generation is stopped and the line and row 
counters continue their count to lOU which is decoded by Elo-o. 
The Q output of E23 is IIAID'ed by the decoder El8, since tne 102 
count is not significant when in the "display dot video" node. 

The output of E18-8 In turn generates a positive clock pulse- to ] ,. :' 
via MDgatc E23 making the Q output of E27 high again as it was :' :. 
the beginning. The same signal from the output of E18-8 resets r -w 
counter E22 and line counter E10 to thus completing 262 line.; re- 
quired for the raster. Again briefly the 26h lines required for a 
full video frame are generated as follows. l60 lines of video, ho 
lines of blanking, 10 lines of vertical Sync and 5U more lines o:' c La* ! 

Resistor R20 dictates the cycle time for oscillator E31-12 between 
150 and 300us which in turn determine the width of the characters . 
The "Dot Clock" is not the output of E31-12, but rather the out 
put of AND - OR - INVERT gate E28. Its output is normally high but 
goes low for about 30jis each time E31 pin .1.2 resets. The 30us uulse 
time is determined by the propagation time of E28 and E31- The "sot 
Clock" is used to toggle shift registers E9 and E21 . 

The horizontal data for each character is made up of five dots an 3 one 
blank for horizontal spacing on each video line. The video data for 
the horizontal portion of each character is parallel loaded from the 
character generator into U-bit shift registers E? and E21 with zero, 
bit 1, bit 2 and bit 3 going into E9- Bit h, bit 5, zero and a one 
going into E21. 

The serial input of E21 is tied high to load one's into Die shift 
register to replace the character data as it is shifted out of the 
register bit by bit. El 5 monitors the parallel output of the dot 
register and goes low when six bits have been clocked out, it deiects 
the ones that have been shifted into the register. A low transistor: 
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on the output of El 5 is inverted by KLT-k and changes the dot 
register from a shift up to a parallel load data mode. This 
same pulse also increments the character counters E6 and Ell. 
Each time pin 6 goes high and the dot register is set up to 
parallel load new data, Ell is incremented thus keeping track of 
which of the 32 horizontal character positions we are working with. . 
As dot data is shifted out bit by bit, on pin 10 of E9 at a rate 
Set by the dot clock, it then goes to E12 pins 12 and 13 where it 
is mixed with the horizontal and vertical Sync pulses to form the 
composite video signal which is buffered by Emitter follower Ql 
and fed to the video monitor. 



10.2.2 KBD/2 



The keyboard converts keyswitch depressions to ASCII character 
codes to be used as an 8-bit input device. The keys are wired in 
a matrix array of 8 columns by 16 rows. The array is scanned until 
a key is depressed closing the circuit between the 8 columns and the 
16 rows. 

The scanning clock is generated by E6b and the accociated R/C 
network and is halted as long as a key is depressed or the debounce 
circuit E6a is running. 1.6ms after the key has been depressed, 
long enough for any key bounce to end, and if the key is still dep- 
ressed E12 will signal character present on x20-12. The clock 
is fed to the input of El, a U-bit binary counter, which will 
generate as its output the row address. The high order bit of the 
row address, El-11 is also used as the input of E5, another U-bit 
counter, of which the low 3-bits make up the column address. The 
column address is decoded by E^ into 8 separate columns which are 
then driven by 7^+07 open collector drivers. Only the column 
selected is pulled to ground by the fhQ'J on that column, all others 
are left high. The pull-up resistors are on each row and provide a 
high to the 16 inputs of the row selector E3. The selected input 
to E3, as addressed by El, is provided on the output, E3-10, to 
the debounce and clock circuits. When a key is depressed, chances 
are it is not at the location of the matrix currently selected, so 
the clock continues to run. The rows will be checked, the column 
incremented, and the rows checked again until the correct column 
and row addresses locate a closed switch, a connection which causes 
the pull-up resistor R1-R16 associated with the row of the switch 
to be pulled down through the 7^07 of the selected column. E3-10 
will go high, stopping the clock and beginning the debounce time. 

When the device reading the keyboard sees a high going pulse it 

reads the data lines which are the addresses of the column and 

row decoders, D0-D3 from the row address., Vk-T)6 the column address. 
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Bk is modified "by a combination of Shift, Row 2, Row 3, Column 
and the A column address line such that the numeric characters 
1-9 and the special characters ; : 1 will produce other 
special characters when shifted. D5 is modified such that when shift 
is pushed or column address C is high and the control key is pressed, 
D5 is low, D6 is modified so that D6 is low when either column 
address C is low or the control key is pressed. If the modification 
for FULL ASCII to MODIFIED ASCII is made all alphabetic characters 
are shifted to upper case automatically and shift lower when the 
shift is pushed (when column address C is high, column address B 
to the above mentioned D5 logic is inverted). 

The reset keys are wired in series and when pressed together cause 
the RESET line to be pulled low. The repeat key simply causes the 
DT output line to be raised and can be used as a repeat function 
under software control. 

The outputs provided at X20 are pluged to Xh of the CPU board and 
power is obtained from the CPU's Xh. 



10.2.3 CPU/ 2 



There are four classes of control signals which control the 
execution of the MC 6800 CPU. The first pair of control signals 
are the two phase clocks, 01 and 02 which provide the basic timing 
to the system. The second pair of signals, HALT and BUS AVAILABLE 
(BA) are used to stop program execution and free up the address and 
data bus for other uses. The interrupt signals make the CPU res- 
ponsive to outside control and are listed in decreasing order of 
interrupt priority: RESET, NON-MASKABLE INTERRUPT (NMI), and 
MASKABLE INTERRUPT (IRQ). An interrupt can be generated by a 
Software interrupt instruction internally. The three state control 
(TSC) and DATA BUS ENABLE (DBE) control lines provide a way to 
momentarily remove the CPU from busses. The TSC line is not used 
in the basic SPHERE system. The SPHERE system uses INTEL 2107 A- 8 
or equivalent dynamic RAM's (Random Access Memory) for main memory. 
These are L069 X 1 bit N-channel M0S chips. 8 of these chips are 
arranged into a 1+K X 8 bit main memory. Extended memory is done 
by implementing additional UK blocks of RAM chips. The 1T02A 
Programmable Read Only Memorys are 256 X 8 bit chips with h chips 
making up the total 102U X 8 bit memory. These chips contain the 
standard system software programmed into them but can be erased and 
reprogrammed. Two 9602 retriggerable one-shots (EU5) and the MPQ68^2 
(E51) clock buffer generate 
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the basic clocks, 01 and 02 to the system. The clocks are Tree 
running and the RC time constants (Rll, R12, C22, C23) were chosen 
to provide a basic cycle time of 1.50 usee. The two clocks are 
non-overlapping, meaning that 01 is low before 02 goes high and 
conversely, 02 goes low before 01 goes high again. This insures 
that adequate time is provided during 02 for memories to sense 
the written data. Due to the capacitive storage design of the 
dynamic RAM's, they must be refreshed every 2 msec or data will be 
lost. E8 is a free running clock provideing the timing for the 
refresh cycle (2msec). When #9 sets, this generates REFRESH which 
enables the address counters E22, 27 and address line drivers E21 
and halts the CPU. Bus Available goes high after completing the 
current instruction, disabling the CPU address buffers, Ekk, kj , 
hQ and enables 01 clock to refresh address counters (generator). 
On the next 01 after the CPU has halted, 01 begins clocking the re- 
fresh address generator, which is a simple up-counter. 

As it counts, the addresses are supplied on the bus, which are the 
RAM memory 'Row' addresses necessary for refreshing. On count 6h, 
the counter resets REFRESH, HALT and Address counters. The CPU 
then proceeds to perform the next instruction in sequence after it 
halted. The circuitry comprising E3T, E38, and E23 insure that 
the RAM's get refreshed even if the CPU should be halted or should 
hang up on a bad instruction, etc. EU2, EU3 are Bi-directional data 
line buffers and the direction is determined by the Read/Write line. 
If the CPU is doing a LOAD instruction for example, this is a READ 
from some peripheral to the CPU, so the R/W line is a high. This 
configures the buffers for a data transfer to the CPU. A WRITE, 
such as a STORE instruction does the opposite. Any instruction that 
addresses the dynamic RAM (0000 thru 0FFF) is detected by address 
decode gate E2U and generates CHIP SELECT (CS) and CHIP ENABLE (CE)., 
via E28 and transistor Ql. CE is also generated by REFRESH. E37 
insures during a Write cycle to memory that there is at least a 
200 nsec delay between CHIP ENABLE and WRITE ENABLE (WE). Chips E2„ 
5, 11, 17, 19, 26, 3^, and 36 constitute the l+,096 X 8 bits per word 
RAM. El, 33 are tri-state buffers and are active when reading data 
from memory. They are enabled by CS. When writing to memory, these 
buffers are disabled (put in high-impedance or disconnect mode) and 
data is transferred directly to memory. Gates E*t, 10, 16, 32 and 
E13 select one of the four-256 x 8 ROM chips. The addresses begin 
at FC00 and extend to FFFF. The address bits A0 to A7 then select 
1 of the 256 words to be read. These are read-only device's and 
contain the system software (Assembler, Editor, etc.) The ROM's 
can be reprogrammed but only with special equipment. El8 also 
supplies chip selects to the Peripheral Interface Adapter E3. The 
total decoding is F0U0 to F01*3. E3 is used for 1/0 to the teletype- 
writer interface on the SPHERE 300 series one card computer and for 
keyboard input on the 310-3^0 systems . Also the real time clock uses 
E3. 
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When the CPU/2 board is used as the One Card Computer, the three 

signals on the right side of the board provide a 20 am current 

loop to connect directly to a teletype common, Transmit, and Receive 

wires. Also available are RS232c interfaces. In this mode the 512 

Bytes of ROM perform the teletype I/O routine as well as a Debug mode. 

The jumper on PB0 and PBT may be omitted and 19 digital I/O lines 

will be available for dedicated use by the customer's own ROM's 

(up to IK Bytes.) When using the teletype I/O routines the CPU clock 

must be set up at 1.50 usee + 2% in order to interface with the 

required 110 BAUD rate of the standard teletypes. 

The real time clock is also on the CPU/2 board. E7 counts refresh 
pulses to establish a series of real time interrupts. The P.C. 
board has dotted lines showing the various frequencies that may be 
selected The real time clock counter can be reset by putting F0kk 
(HEX) on the address lines. Also a system reset will reset the clock. 
The clock interupts enter the 83 PIA (F0l<l) on CA-1 (pin l+0)and can 
be used through that PIA device as a CPU real time interupt. The 
PIA may be programmed to interupt or ignore the clock. 



10.2. k ROM/l 



The Read Only Memory Board consists of two sections of logic, the 
first provides those elements common to the second, address buffering, 
data gating and power control. The second set of logic is repeated 
four times and contains the necessary address select logic for the 
four 1702' s in its bank. 

Address lines A0-A7 are buffered and isolated from the address 
bus by E3 and EU, while A8 and A9 are buffered by two of the four 
bus driver gates of E7 that are not used for data gating. A10 
through A15 are inverted and buffered by two Jkok gates each in El 
and E2 to provide the necessary signals for address selection. The 
bank selects from the four banks are OR'd together in E5a and AND'd 
together with R/W, VMA, and 02 to produce the board select line 
which enables the 8097 tri-state bus drivers E6 and 2/6 E7. Diodes 
Dl-Dl* drop the -12v from X6-5,12 to -9v. 

The address select for the bank is provided by the jumpers at 
JI-JJ4. The combined A10-A15 true and inverted s ignals are AND'd 
by E13»E19, E2 5, E31 and provide the BANK SELECT A through D 
signals. The BANK SELECT also feeds the C and D inputs of E8, EU+ , 
E20 , E2o which along with A8 and A9 (A and B inputs) the binary to 
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BCD TUU2 provides outputs to select one 1702 in li 9 , E10, ^11, or 
E32 (or EB-ifl , E2Ln-24 or E27 -3 0) . Address lines A0-A7 are bused 
to all 1702' s from E3 and EU. And D0-D7 is bused from all 1702' s 
to E6 and E7. 

Resistors Rl through R2U provide pullup and logic conversion between 
TTL and CMOS. Once a bank of 1702's is selected the selection of 
which 1702 is from right to left (away from the addreus select logic 
to near the address select logic). The address select logic for 
each bank of 1702's consists of 3 row of holes; the one nearest 
El is 7 holes and is Address true. The next row, Address inverted, 
is 12 holes, three extra on the left and two on the right (DO NOT 
USE THESE HOLES) the address bits for the bank select logic is the 
third row, 6 holes. Bit A15 is the left most hole, bit A10 is the 
right most hole of the address select row. In some banks an extra 
feed-through may have been required, DO not miatakn this for an 
address hole. 



10.2.5 SIM/1 



The serial Interface module is built around two AC1A (Asynchronous 
communications Interface Adaptor) chips. The board is segregated 
into 9 main areas: Board decoding, cassette interface number 1, 
cassette interface nuraber2, ROM, Baud rate generators. Teletype 
interface, RS232 interface, TTL direct interface, and modem. The 
basic board Just decodes the address lines to p.llov selection of 
the PROM, ACIA numberl, or ACIA number2. 

BOARD DECODING 

Three strapable addresses are provided on the board. As initially 

set ACIA port number 1 is located at F050 & FO'jl . The second port 

is located at F060/1 (hex). If a second SLM/l board is added to 

the system, Al on the second board would be cut and a jumper 

placed along the dotted lines by the Al etch. The addresses en 

this board will then be F052/3 and F062/3. The FROM will always 

be located at FB00 to FBFF on all boards, tlence do not put a PROM 

in the socket on any added boards after the first one. A third 

board can be added by changing the jumper at A2 instead of Al. This 

will give another set of unique ACIA ports for control. Table 10.1 shows 

the configuration of the 8 boards that could be independently addressed., 

The A0 address line determines which cf the two roisters in the 

ACIA is being selected. When A0 is high the trar13rr.it/receive data 

registor is selected. 
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Al 


A2 


A3 


ACIA IIo. 
Logical 


1 Address 

Fnysical 


ACIA IIo. 
Logical 


2 Address 
Physical 


- 


— 







Fgf^O/1 


1 


l F^60/l 


X 


_ 


- 


n 


F(ft2/3 


3 


F0C2/3 


— 


X 


— 


u 


F05U/5 




F0fJ*/5 


X 


X 


- 


(. 


F(??6/T 


7 


Ytee/i 


- 


- 


X 


n 


F058/9 


n 


F0C3/ r > 


X 


_ 


X 


A 


F05A/B 


B 


F0CA/B 


_ 


X 


X 


C 


F0 r >C/D 


D 


F0^C/r> 


X 


X 


X 




F05E/F 


F 


FflfiE/F 



X" Jumper added and etch cut. 

TABLE 1,5.1 

CASSETTE INTERFACES 

There are two identical cassette interface circuits in the center section 
of the SIM/1 board. One is controlled through ACIA 1 and the other through 
ACIA No. 2 (F060). The theory of operation has been fully explained in such 
publications as BYTE (see the Bit Boffer P. 30 March, lC ) • In summary: the 
audio cassette input sine wave is squared by the 311 comparators. If it is a 
long pulse, a one shot has time to fire providing an extra 2 clock pulses and 
indicating a long pulse received. A short pulse (l/2 of a long pulse) one shot 
reset and each edge provides a clock pulse. Hence a simulated clock 
frequency is generated and the l'a and 0*s are are recaptured. The trimpot 
allows setting the trigger level to the U001 IC to compare the long to 
short ratio actually present, thus audio cassette player speed variations 
can be tuned out. The output data is fed to the U;1l8 (counter) through 
two clocked gates. The resulting outputs are summed through different 
resistors to provide a symetrical step function looking like a sine wave. 
Further RC networks smooth out the signal and an output transistor provides 
ample drive to the cassette recorder. The long and short digital pulses 
now look like two frequencies of about 1200 Hz and 2^00 Hz. F33 is a 
free running multivibrator that provides the 300 baud rate for both 
cassette clocks. This frequency is fed into the ACIA clock input when 
used as a cassette port. The ACIA should be set for l6X rate. Each 
cassette has a relay (Kl and K2) provided to allow the cassette drive to be 
turned on or off when the CPU calls the ACIA port for example, Kl will 
be energized by RTS going low and the 7^7 buffer pulling current through 
the coil of Kl. The normally open contact now closes. If the relay contacts 
have been plugged into the remote terminal on a cassette recorder, the 
cassette drive is turned on. The software in the PROM will not send valid 
data until after a long enough delay for the cassette drive to get up to 
Bpeed. In the event the cassette recorder does NOT have a remote on/off plug, 
a 12 volt coil relay may be used to switch the lirlVAC line. Aseperate 
output through R13 for cassette 1 and Rll* for cassette 2 , (optional current 
limiting resistors) will be tied to the top of the coil in the new relay 
and the bottom of the coil will be tied to the normally open line of Kl 
(K2). The common will be jumpered to ground (or -12 if a P.k volt coil is 
used). Hence the SIM/1 board provides the coil power to drive a larger relay 
for direct switching of 110VAC lines. Since these relays always respond 
when the respective ACIA is called, they can be used to turn on/off 
teletypes or any other relay or device desired. 
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PKun 

Whenever the lu address lines from the CPU board contain Vh xx in Hex, 
the ROM will be addressed. This read only memory chip contains logic 
to enable reading and writing to the cassette tapes. See listing of 
the contents of the ROM for details of the software operations. 

BAUD RATE GENERATORS 

The SEl/l Board has a series of straps for selection of desired baud 
rates. It is prewired to 300 baud but this strap maybe cut and standard 
frequency from lf>0 to 0600 nay be used. A trimming resistor (KjU) may 
be added to compensate for the 9601 tree running one iih.ot being off 
i frequency. If the 11<* baud rate is desired for a teletype, the 150 

line must be selected A'TD C^T (a 33 pf cap.) must be strapped in the 
! place labeled TTY. This will sl° w the main clock down to within a range 

I that W[k can be selected to yield a precise 11'' baud rate. Usually 

jj R7U Is about 120KO.. External frequencies may be added through XI pins 

| 8 & o when the 625 KKz (150 baud rate multiplies) and the i»55E?Iz (H^ 

I baud' rate) Jumpers on the lower left sector of the board are added. 

| TELETYPE INTERFACE 

With the input clock to the Ho. 1 ACIA 3et at 111 haud rat. \aeu baud 
rate generator), the output data will be correctly formatted by the ACIA 
if the' 6kx. mode is selected by software. Two U' T 33 photo couf.^-rs are 
used to isolate the teletype + 12 volt, 20 ma current loops from the 
+ 5 volt TTL logic. When using the teletype interface, the R::i232 and 
TTL Jumpers must be put in and the 20 ma jumper left out. Also set up the 
baud rate generator and ACIA jumpers per the assembly instructions. 

RS232 INTERFACE 

Any desired input baud rate can be selected. "Jne TTL and 20 na jumpers 
must be put in* place. K5 and E13 are standard RS232 driver /receivers. 
Except for the baud rate selection the operation is like the teletype. 
• An RS232 line has more drive capability than either TIE cr 20 ma 
current loops. The voltage swings are +.12 volts. 

TTL DIRECT 

This interface allows high speed data transfers over short direct wire 

connections. The ACIA can be initiliaed to lx,l6x, or 6kx. The baud rate 

can be any selected value. The 20 ma and RS232 Jumpers must be put 

in. The voltage swings will be +5 volts compatible with any other 

TTL/DTL input. The driver is a lk$U with 10 TTL loads maximum. 

MODEM 

The modem section is built around the 6360 modem chip and the 6350 ACIA. 
See the M68M microprocessor amplications manual for details. In addition 
two filter sections* are included making full single wire communications 
possible. Jumpers are provided on the board to select single wire full 
duplex. See assembly instructions. 
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A CONVERSION TABLES 

A.l HEXADECIMAL AND DECIMAL CONVERSION 

HOW TO USE THE TABLES 

CONVERSION TO DECIMAL: Find the decimal value for corresponding 
hexadecimal value for each hexadecimal character. The sum of the 
decimal values is the decimal value of the hexadecimal number. 

CONVERSION TO HEXADECIMAL: Find the highest decimal value in the 
table which is lower than or equal to the decimal number to be con- 
verted. Add the corresponding hexadecimal value to the previous hexa- 
decimal sum. Subtract, the decimal value found from the decimal 
number to be converted. With the difference repeat the process to 
find subsequent hexadecimal values. 

HEXADECIMAL AND DECIMAL CONVERSION 



BYTE 



BYTE 



HEX 


DEC 


HEX 


DEC 


HEX 


DEC 


HEX 


DEC 


0000 





000 





00 


' 








1000 


1*096 


100 


256 


10 


16 


1 


1 


2000 


8192 


200 


512 


20 


32 


2 


2 


3000 


12288 


300 


768 


30 


1*8 


3 


3 


1*000 


1638I* 


1*00 


1024 


1*0 


61* 


1* 


1* 


5000 


201*80 


500 


1280 


50 


80 


5 


5 


6000 


2U576 


600 


1536 


60 


96 


6 


6 


7000 


28672 


700 


1792 


70 


112 


7 


7 


8000 


32768 


800 


201*8 


80 


128 


8 


8 


9000 


3686k 


900 


2301* 


90 


11*1* 


9 


9 


A000 


1*0960 


A00 


2560 


A0 


160 


A 


10 


B000 


1*5056 


BOO 


2816 


B0 


176 


B 


11 


C000 


1*9152 


COO 


3072 


CO 


192 


C 


12 


D000 


5321+8 


D00 


3328 


DO 


208 


D 


13 


E000 


513hk 


E00 


3581* 


E0 


22l+ 


E 


11* 


F000 


6lkk0 


F00 


381*0 


F0 


21*0 


F 


15 
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A CONVERSION TABLES 



A. 2 


POWERS 










2 


8 


10 


16 





1 


l 


l 


16 


1 


2 


8 


10 


256 


2 


4 


64 


100 


4096 


3 


8 


512 


1000 


65,536 


1+ 


16 


4096 


10,000 


1,046,576 


5 


32 


32,768 


100,000 




6 


64 


262,144 


1,000,000 




7 


128 








8 


256 








9 


512 








10 


1024 








11 


2048 








12 


4096 








13 


8192 








l4 


16,384 








15 


32,768 








16 


65,536 








IT 


131,072 








18 


262,144 








19 


524,288 








20 


1,048,576 
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B ASCII CHARACTER SET 



HEX 


DEC 


OCT 


BINARY 


CHARACTER 


DESCRIPTION 


00 





000 


00000000 


NUL 


Null 


01 


1 


001 


00000001 


SOH 


Start of Heading 


02 


2 


002 


00000010 


STX 


Start of Text 


03 


3 


003 


00000011 


ETX 


End of Text 


01+ 


1+ 


001+ 


00000100 


EOT 


End of Transmission 


05 


5 


005 


00000101 


ENQ 


Enquiry 


06 


6 


006 


00000110 


ACK 


Acknowledge 


07 


T 


007 


00000111 


BEL 


Bell 


08 


8 


010 


00001000 


BS 


Back Space 


09 


9 


011 


00001001 


HT 


Horizontal Tab 


0A 


10 


012 


00001010 


LF 


Line Feed 


0B 


11 


013 


00001011 


VT 


Vertical Tab 


0C 


12 


0lU 


00001100 


FF 


Form Feed 


0D 


13 


015 


00001101 


CR 


Carriage Return 


0E 


Ik 


016 


00001110 


SO 


Shift Out 


0F 


15 


017 


00001111 


SI 


Shift In 


10 


16- 


020 


00010000 


DLE 


Data Link Escape 


11 


17 


021 


00010001 


DC1 


Device Control 1 


12 


18 


022 


00010010 


DC2 


Device Control 2 


13 


19 


023 


00010011 


DC3 


Device Control 3 


Ik 


20 


02l+ 


00010100 


DCk 


Device Control k 


,5 


21 


025 


00010101 


NAK 


Negative Acknowledge 


16 


22 


026 


00010110 


SYN 


Synchronize 


IT 


23 


027 


00010111 


ETB 


End of Transmission Block 


18 


2k 


030 


00011000 


CAN 


Cancel 


19 


25 


031 


00011001 


EM 


End of Media 


1A 


26 


032 


00011010 


SUB 


Substitute 


IB 


27 


033 


00011011 


ESC 


Escape 


1C 


28 


031+ 


00011100 


FS 


File Separator 


ID 


29 


035 


00011101 


GS 


Group Separator 


IE 


30 


036 


00011110 


RS 


Record Separator 


IF 


31 


037 


00011111 


VS 




20 


32 


01+0 


00100000 


SP 


Space 


21 


33 


01+1 


00100001 


i 


Exclamation 


22 


3k 


01+2 


00100010 


ti 


Double Quote 


23 


35 


01+3 


00100011 


# 


Number or Pound 


2k 


36 


01+1+ 


00100100 


$ 


Dollar Sign 


25 


37 


01*5 


00100101 


* 


Percentage 


26 


38 


01+6 


00100110 


& 


Ampersand 


27 


39 


01+7 


00100111 


i 


Apostrophe or Single Quote 


28 


1+0 


050 


00101000 


( 


Parentheses 


29 


Ul 


051 


00101001 


) 


Parentheses 


2A 


1+2 


052 


00101010 


* 


Astrick 


2B 


1+3 


053 


00101011 


+ 


Plus 


2C 


1+1+ 


05*+ 


00101100 


» 


Comma 


2D 


1+5 


055 


00101101 


- 


Minus 


'!E 


1+6 


056 


00101110 


„ 


Period 


"2F 


1+7 


057 


00101111 


/ 


Slash 
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ASCII CHARACTER SET cont'd 



HEX 


DEC 


OCT 


BINARY 


CHARACTER 


DESCRIPTION 


30 


1+8 


060 


00110000 





Zero 




31 


kg 


061 


00110001 


1 


One 




32 


50 


062 


00110010 


2 


Two 




33 


51 


063 


00110011 


3 


Three 




3U 


52 


061+ 


00110100 


1+ 


Four 




35 


53 


065 


0.0H<tipi 


5 


Five 




36 


5k 


066 


00110110 


6 


Six 




37 


55 


067 


00110111 


7 


Seven 




38 


56 


070 


00111000 


8 


Eight 




39 


57 


071 


00111001 


9 


Nine 




3A 


58 


072 


00111010 


; 


Colon 




3B 


59 


073 


00111011 


5 


Semi-colon 


3C 


60 


07>+ 


00111100 


^ 


Less Than 


3D 


61 


075 


00111101 




Equal 




3E 


62 


076 


00111110 


> 


Greater Than 


3F 


63 


077 


00111111 


1 


Question 


1+0 


6k 


100 


01000000 


e 


At sign 


1+1 


65 


101 


01000001 


A 


Letter 


A 


1+2 


66 


102 


01000010 


B 


Letter 


B 


1+3 


67 


103 


01000011 


C 


Letter 


C 


1+1+ 


68 


101+ 


01000100 


D 


Letter 


D 


k5 


69 


105 


01000101 


E 


Letter 


E 


V6 


7j* 


106 


01000110 


F 


Letter 


F 


1+7 


71 


107 


01000111 


G 


Letter 


G 


1+8 


72 


110 


01001000 


H 


Letter 


H 


1+9 


73 


111 


01001001 


I 


Letter 


I 


4A 


Ik 


112 


01001010 


J 


Letter 


J 


llB 


75 


113 


01001011- 


K 


Letter 


K 


1+C 


76 


111+ 


01001100 


L 


Letter 


L 


l+D 


77 


115 


01001101 


M 


Letter 


M 


1+E 


78 


116 


01001110 


N 


Letter 


N 


i+f 


79 


117 


01001111 





Letter 





50 


8tf 


120 


01010000 


P 


Letter 


P 


51 


81 


121 


01010001 


Q 


Letter 


Q 


52 


82 


122 


01010010 


R 


Letter 


R 


53 


83 


123 


01010011 


S 


Letter 


S 


5k 


81+ 


12l+ 


01010100 


T 


Letter 


T 


55 


85 


125 


01010101 


U 


Letter 


U 


56 


86 


126 


01010110 


V 


Letter 


V 


57 


87 


127 


01010111 


W 


Letter 


W 


58 


88 


130 


01011000 


X 


Letter 


X 


59 


89 


131 


01011001 


Y 


Letter 


Y 


5A 


9$ 


132 


01011010 


Z 


Letter 


Z 


5B 


91 


133 


01011011 


[ 


Left Bracket 


5C 


92 


131+ 


01011100 


] 


Right 1 


3racket 


5D 


93 


135 


01011101 


x 


Back Slash 


5E 


9k 


136 


01011110 




Up Arrow 


5F 


95 


137 


01011111 


Back Arrow 
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B ASCII CHARACTER SET cont'd 



HEX 


DEC 


OCT 


BINARY 


CHARACTER 


DESCRIPTION 


60 


96 


140 


01100000 


> 


Back Quote or Accent Marl 


61 


97 


141 


01100001 


a 


Small Letter a 


62 


98 


142 


01100010 


b 


Small Letter b 


63 


99 


143 


01100011 


c 


Small Letter c 


64 


100 


144 


01100100 


a 


Small Letter d 


65 


101 


145 


01100101 


e 


Small Letter e 


66 


102 


146 


01100110 


f 


Small Letter f 


67 


103 


147 


01100111 


g 


Small Letter g 


68 


104 


150 


01101000 


h 


Small Letter h 


69 


105 


151 


01101001 


i 


Small Letter i 


6A 


106 


152 


01101010 


J 


Small Letter j 


6b 


107 


153 


01101011 


k 


Small Letter k 


6c 


108 


154 


01101100 


1 


Small Letter 1 


6d 


109 


155 


01101101 


m 


Small Letter m 


6e 


110 


156 


01101110 


n 


Small Letter n 


6f 


111 


157 


01101111 





Small Letter o 


70 


112 


160 


01110000 


P 


Small Letter p 


71 


113 


161 


01110001 


q. 


Small Letter q 


72 


114 


162 


01110010 


r 


Small Letter r 


73 


115 


163 


01110011 


s 


Small Letter s 


74 


116 


164 


01110100 


t 


Small Letter t 


75 


117 


165 


01110101 


"U 


Small Letter u 


76 


118 


166 


01110110 


V 


Small Letter v 


77 


119 


167 


01110111 


w 


Small Letter w 


78 


120 


170 


01111000 


X 


Small Letter x 


79 


121 


171 


01111001 


y 


Small Letter y 


7A 


122 


172 


01111010 


z 


Small Letter z 


7B 


123 


173 


01111011 


1 


Left Brace 


7C 


124 


174 


01111100 


1 


Vertical Bar 


7D 


125 


175 


01111101 


J 


Right Brace 


7E 


126 


176 


01111110 


^v 


Approximate or Tilde 


7F 


127 


177 


01111111 


DEL 


Delete 



B-3 



C INTERFACING SPECIFICATIONS 
C.l INTERFACING SIGNALS 



The Sphere system interface is chiefly TTL compatible. It consists 
of k main "bus cables and provisions for peripheral adaptors. See 
Table C-l. 

THE DATA BUS is a ik conductor ribbon cable connecting to socket X3 on 
all boards. This Bus co ntains the 8 data lines (D0-D7), the Bus 
Available (BA), and the REFRESH signals. Eight pins are used for 
the data bus. It is bi-directional, transferring data to and from 
the memory and peripheral devices; it's three-state output buffers 
are capable of driving 35 standard TTL loads. A high on BA indicates 
the CPU is NOT using the 8 data lines and they are in a TRI-STATE 
(high impedance) mode. In this mode the Data Bus is ava ilable for 
other functions. BA can drive up to 35 TTL loads. The REFRESH signal 
will go low each time a dynamic memory bank is to be refreshed or up- 
dated. During these times the address lines will be determining the 
set of memorie s that are to be refreshed and the CPU will be in a 
halted mode. REFRESH can drive up to 8 TTL loads. 

THE ADDRESS BUS consists of two lh conductor flat ribbon cables 
which join XI and X2 on all boards. Table C-l gives the pin numbers. 
The signals with their definitions are as follows: 

CLOCK PHASE TWO (02) - 670 KHZ signal, High 950ns and Low 5^0ns, 
capable of driving 35 TTL loads. 

ADDRESS BUS (A0-A15) - Sixteen pins are used for the address bus. 
The outputs are three-state bus drivers capable of driving 35 standard 
TTL loads. When the output is turned off, it is essentially an open 
circuit. This permits the system to be used in DMA applications. BA 
also indicates the state of the Address Bus. 



HALT - When this input is in the low state, all activity in the 
machine will be halted. This input is level sensitive. In the 
halt mode, the machine will stop at the end of an instruction, 
Bus Available will be at a high level and Valid Memory Address will 
be at a low level. This line is open-collector with the pull-up 
on the CPU board. 

Transition of the HALT line must not occur during the last 250 ns of 
01. To insure single instruction operation, the Halt line must go 
high for one 01 Clock cycle. If HALT is chopped during 02, the 
next machine cycle will take place. 

THREE-STATE CONTROL (TSC) - In order to use this line a jumper must 
be added on the CPU board. This input causes all of the address lines 
and the Read/Write line to go into the off or high impedance state 
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C INTERFACING SPECIFICATIONS 



C.l INTERFACING SIGNALS cont'd 



500 ns after TSC rises above 2.UV The 
Valid Memory Address and Bus Available signals will be forced low. 
The data bus is not affected by TSC and has its own enable (Data 
Bus Enable). In DMA applications, the Three-State Control line 
should be brought high on the leading edge of the Phase One Clock. 
The 01 clock must be held in the high state and the 02 in the low 
state for this function to operate properly. Since the MPU is a 
dynamic device, it can be held in this state for only 5.0 us or 
destruction of data will occur in the MPU. 

READ/WRITE (R/W) - This TTL compatible output signals the peripherals 
and memory devices whether the MPU is in a Read (high) or Write (low) 
state. The normal standby state of this signal is Read (high). Three- 
State Control going high will turn Read/Write to the high state. Also, 
when the processor is halted, it will be in the high state. This 
output is capable of driving 35 standard TTL loads. 

VALID MEMORY ADDRESS (VMA) - This output indicates to peripheral 
devices that there is a valid address on the address bus. In 
normal operation, this signal should be utilized for enabling 
peripheral interfaces such as the PIA and ACIA. This signal is not 
Tri-State. 35 standard TTL loads may be directly driven by this 
active high signal. 



INTERRUPT REQUEST (IRQ) - This level sensitive input requests that 
an interrupt sequence be generated within the machine. The processor 
will wait until it completes the current instruction that is being 
executed before it recognizes the request. At that time, if the 
interrupt mask bit in the Condition Code Register is not s"et, the 
machine will begin an interrupt sequence. The Index Register, 
Program Counter, Accumulators, and Condition Code Register are stored 
on the stack. Next the MPU will respond to the interrupt request by 
setting the interrupt mask bit high so that no further interrupts 
will be recognized. At the end of the cycle, a l6-bit address will 
be loaded that points to a vectoring address which is located in 
memory locations FFF8 and FFF9. An address loaded at these locations 
causes the MPU to branch to an interrupt routine in memory. 



The Halt line must be in the high state for interrupts to be recognized. 

The IRQ has a high impedance pull-up device internal to the chip; 

however a 3-3K ohm external resistor to Vqq has been used for wire- 
0R and optimum control of interrupts. 
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C INTERFACING SPECIFICATIONS 
C.l INTERFACING SIGNALS cont'd 



RESET - This input is used to reset and start the MPU from a power 
down condition, resulting from a power failure or an initial start 
up of the processor. This is an Open-Collector line with the pull 
up resistor on the CPU board. Lower this signal will cause the 
MPU to begin the restart sequence. This will start execution of 
a "routine to initialize the processor from its reset condition. 
All the higher order address lines will be forced high. For the 
restart, the last two (FFFE, FFFF) locations in memory will be used 
to load the program that is addressed by the program counter. 
During the restart routine, the interrupt mask bit is set and must 
be reset before the MPU can be interrupted by lR§. 

Figure C-l shows the initialization of the microprocessor after 
restart. Reset must be held low for at least eight clock periods 
after Vcc reaches U.75 volts. If Reset goes high prior to the 
leading edge of 02, on the next 01 the first restart memory vector 
address (FFFE) will appear on the address lines. This location 
should contain the higher order eight bits to be stored into the 
program counter. Following, the next address FFFF should contain 
the lower order eight bits to be stored into the program counter. 



4.75 V 
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Firtt Inttruction Loaded into MPU 



Aatiren Out 
" FFFE 



Wr 






Addrau Out 
* FFFF 



Address Out - Content* of 
FFFE ♦ FFFF 



FIGURE C,l 
INITIALIZATION OF MPU AFTER RESTART 
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TABLE C-l 



CONNECTOR STANDARD PIN ASSIGNMENTS 



w 



< 



o 

w 

CO 

u 

z 

h-l 



o 



Pin No . 

1 
2 
3 
It. 
5 
6 

T 

8 

9 
10 
11 
12 
13 
1U 



Address 


Bus 


XI 


X2 


R/W 


A2 


A9 


AU 


VMA 


A3 


AlU 


A5 


A15 


A6 


AH 


A7 


!Sff 


A8 


OPEN 


A0 


OPEN 


Al 


A13 


iRQ(intrpt) 


A12 


OPEN 


All 


RESET 


A10 


TSC 


02 


OPEN 



Data Bus 
X3 

DU 
DT 
BA 
OPEN 
D3 
D2 
DO" 
Dl 

SSFrHsTi 

OPEN 
OPEN 
OPEN 

D5 
D6 



PIA (A) 


XU,X7,X9,X11 


RESET 


PA 


pa i. 


PA 3 


RA 5 


PA 6 


OPEN** 


GROUND 


PA 7 


PA k 


PA 2 


CA 2 


CA 1» 


+5V DC 



pia (b) ; 


KBD/2 


X5,X8,X10,X12 


X20 


RESET 


RESET 


PB 


D 


PB 1 


Dl ! 


PB 3 


D 3 


PB 5 


D 5 


PB 6 


D 6 


OPEN-** 


OPEN 


GROUND 


GROUND 


PB T 


Repeat /D 7 


PB It 


D k 


PB 2 


D 2 


CB 2 


Character Strobe 


CB 1 


unused 


+5V DC 


. +5V DC 



r-i 



* On CPU/2 XU CA1 is hard wired to the Real Tiffle Clock 
*• On CPU/1 & CPU/2 XU & X5 pin is wired to +5VDC 



CO 
S3 
O 
H 

<J 

U 



w 

PL. 

CO 

a 

S5 
H 
O 
< 

E-i 
S; 



o 



T.AJBLji C'-l c 


ont ' d 


Fin No • 


Power Bus 




X6 


1 


GND 


2 


GND 


3 


+12 VDC 


k 


-5 VDC 


5 


-12 VDC 


6 


+5 VDC 


7 


+5 VDC 


8 


GND 


9 


GND 


10 


+12 VDC 


11 


-5 VDC 


12 | 


-12 VDC 


13 


+5 VDC 


Ik 


+5 VDC 



;c:;nector standard pin assignments 



Line Printer 



SIM/1 



X5 


>a3 


XI k 


XI 5 




D5 
D3 


RUN 


SWI 




STROBE 


HOME 




LAMP 1 


EMPTY 




D2 
Dl 
DO 


~FEED 


SW 2 


c 

1! 


CLEAR 


JAM 


4J 


LAMP 2 


P0 


SO 
■H 

3 


+5 VDC 
GND 

GND 


OPEN 

GND 
GND 


OPEN 

GND 
GND 


V 
'Si 
-< 


GND 


GND 


GND 


S-l 

O 


GND 
GND 


GND 

D6. 


GND 
GND 




GND 


GND 


GND 




D7 


GND ! 
1 


GND 



X2l+ 
CI EAR 

C2 REM 
C2 REM 
CI REM 
CI REM 
2iZbaTac 
GND 
20maR x 
20maC0M 
CI +12 
C2 EAR 
C2 MIC 
CI MIC 
C2 +12 



X25 
MODEM 


OUT 


RI 


' 


RS232 


R 

X 


OH 


• 


RS232 


T s ! 


TV 


i 


GND 




MODEM 


IN 


-12 




TTL R 




SH. 




DA 




TTL 1 


1 

X 


GND 
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C INTERFACING SPECIFICATIONS 
C.l INTERFACING SIGNALS cont'd 

NON-MASKABLE INTERRUPT (NMI) - A low going edge on this input 
requests that a non-mask able - interrupt sequenc e be generated within 
the processor. As with the Interrupt Ho quest signal, Llie processor 
will complete the curr ent instruction that is being executed before 
it recognizes the NMI signal. The inte rrupt mask bit Lji the Condit- 
ion Code Register has no effect on NMI. 

The Index Register, Program Counter, Accumulators, and Condition 
Code Register are stored away on the stack. At the end of the cycle, 
a 16-bit address will be loaded that points to a vectoring address 
which is located in memory locations FFFC andFFFD. An address 
loaded at these locations causes the MPU to branch to a non-maskable 
interrupt routine in memory. 

NMI has a high impedance pullup resistor internal to the chip; 



however a 3.3K ohm external resistor to 
OR and optimum control of interrupts. 



'CC 



has been used for wire- 



Inputs IRQ and NMI are hardware interrupt lines that are sampled 
during 02 and will start the interrupt routine on the 01 following 
the completion of an instruction. 

Figure C-2 is a flow chart describing the major decision paths and 
interrupt vectors of the microprocessor. Table C-2 gives the 
memory map for interrupt vectors. 



Vector 
MS LS 


Description 


FFFE FFFF 


Restart 

., ... 


FFFC FFf-D 


Nonmaskable Interrupt j 


F?>=a FFFB 


SCtwar* Interrupt ! 


Ff-FS FFf-u 






Interrupt Requett 









TABLE C-2 
MEMORY MAP FOR INTERRUPT VECTORS 
C-6 



C INTERFACING SPECIFICATIONS 



C.l INTERFACING SIGNALS cont'd 



Yes 




Fetch Instruction 



Execute 
Instruction 





Execute 
Interrupt Routine 






\ 


' 


' 




\ 


NMI 




IRQ 


FFFC 
FFFO 


FFF8 
FFF9 



FIGURE C-2 
MPU FLOW DIAGRAM 



THE PIA BUS 

The Peripheral Interface Adaptor on the CPU/2 Board is connected to 
sockets Xk and X5. On the Peripheral Interface Module (PIM/l) "board 
there are k PIA chips with 8 sockets numbered X1+-X5 and X7-X12. All 
interconnections remain common for ease of use and standardization. 
See Table C-l for pin numbers. 
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C INTERFACING SPECIFICATIONS 
C.2 PIA INTERNAL ORGANIZATION 



An expanded Block Diagram of the PIA is shown in Figure C-3. 
Internally, the PIA is divided into two symmetrical independent 
register configurations. Each half has three main features: an 
Output Register, a Control Register, "and a Data Direction Register. 
It is these registers that the CPU treats as memory locations, i.e., 
they can be either read from or written into. The Output and Data 
Direction Registers on each side represent a single memory location 
to the CPU. Selection between them is internal to the PIA and is 
determined by a bit in their Control Register. 

The_ Data Direction Registers (DDR) are used to establish each 
individual peripheral bus line as either an input or an output. 
This is accomplished by having the CPU write "ones" or "zeros" 
into the eight bit positions of the DDR. Zeros or ones cause the 
corresponding peripheral data lines to function as inputs or outputs, 
respectively. 

The Output Registers, ORA and ORB, when addressed, store the data 
present on the CPU Data Bus during a CPU write operation. As used 
here, an "CPU Write" operation refers to the execution of the "Store" 
instruction, i.e., writing into Output Register A is equivalent to 
execution of STAA PIA by the CPU. Similarly, a. "CPU Read" operation 
is equivalent to execution of the 'Load' instruction: LDAA PIA. This 
data will also appear on those peripheral lines that have been pro- 
grammed as outputs.' If a peripheral line has been programmed as an 
input-, the corresponding bit position of the Output Register can 
still be written into by the CPU, however, the data will be influenced 
by the external signal applied on thax peripheral data line. 

During a CPU read operation, the data present on peripheral lines 
programmed as inputs is transferred directly to the system Data Bus. 
Due to differing circuitry, the results of reading positions programmed 
as outputs differ slightly between sides A and B of the PIA. On the 
B side, there is three-state buffering between Output Register B and 
the peripheral lines such that the CPU will read the current contents 
of ORB for those bit positions programmed as outputs. Daring an 
CPU Read of the A side, the data present on the Peripheral lines 
will effect the CPU Data Bus regardless of whether the lines are 
programmed as outputs or inputs. The bit positions in ORA designated 
as outputs will be read correctly only if the external loading on 
the Peripheral lines is within the specification for one TTL load 
That is, a logic one level could be read as a logic zero if excessive 
loading reduced the voltage below 2.0 volts. 
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C INTERFACING SPECIFICATIONS 



v cc " pin 20 

V SS = Pin 1 

CSO 22 
CS1 24 
CS2 23 

RSO 36 

RSI 35 

R/W 21 

Enable 25 

Reset 34 




Interrupt Status 
Control A 





Chip 

Select 

and 

R/W 

Control 




— * 





Data Direction 

Register A 

(DDRA) 



5Z 



Peripheral 

Interface 

A 



Peripheral 

Interface 

B 



zx 



Data Direction 

Register B 

(DDRB) 





IRQ3 37 «* 



Interrupt Status 
Control B 



18 CB1 
-19 CB2 



FIGURE C-3 
PIA BLOCK DIAGRAM 
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C INTERFACE SPECIFICATIONS 



C.2 PIA INTERNAL ORGANIZATION cont'd 



The two Control Registers, CRA and CRB, allow the CPU to establish 
and control the operating modes of the peripheral control lines, 
CA1, CA2, CB1, and CB2. It is by means of these four lines that 
control information is passed back and forth between the CPU and 
peripheral devices. The control word format and a summary of its 
features is shown in Figure C-k. 

The Data Direction Register access bit (b 2 = DDR Access) is used 
in conjunction with the register select lines to select between 
internal registers. For a given register select combination, the 
status of the DDR bit determines whether the Data Direction Register 
(b 2 of DDR = 0) or the Out put Register (b 2 of DDR = 1) is addressed 
by the CPU. 

Each Control Register has too interrupt request flags, by = IRQA(B)l 
and bg = IRQA(B)2; they are set by transitions of the CA1 (CBl) and 
CA2 (CB2) control lines and can be read by an CPU Read Control 
Register operation. The status of the interrupt flags cannot be 
altered by an CPU write instruction, that is, IR0A(B)l and IRQA(B)2 
are Read Only with respect to the CPU. They are indirectly reset 
to zero each time the CPU re ads the corresponding Output Register or can 
be cleared with the hardware Reset. 

Bits bg and bj of the Control Registers determine the CA1 (CBl) 
operating mode. A "one" written into b]_ by the CPU will cause 
subsequent positive going transitions of the CA1 (CBl) input to 
set IR0A.(B)l; if b, = 0, negative going transitions on CA1 (CBl) 
cause IRQA(B)1 to set. If b Q = 1 when the IRQA(B)l flag goes 
high, the PIA's external interrupt request line, IROA-(B) , immediately 
goes low, providing a hardware interrupt signal to the CPU. The 
external interrupt is disabled if b Q = when the internal interrupt 
is set by CA1 (CBl). If b Q is later set by an CPU write Control 
Register operation, the disable is immediately released and a pending 
external interrupt request will occur. 

When b^ = 0, bj and b^ of the Control R egister perform similarly 
to b and b n , co ntrolling the IRQA-(B)2 interrupt via the CA2 (CB2) 
input. The IRQ interrupt request, when enabled, responds to 
either IRQA(B)l or IR0A.(B)2. 

If be = 1, CA2 (CB2) acts as an output and will function in one 
of three modes. If b^ is also equal to one, CA2 (CB2) serves as 
a program controlled set/reset output to the peripheral and follows 
bo as it is changed by CPU Write Control Register operations. If 
b^ = when be; = 1, CA2 (CB2) can be used in either a pulse strobed 
or handshake mode. Operation of the two sections differ slightly 
for these two operating modes. In the handshake mode (bo = 0) CA2 
is taken low by the negative transition of the CPU Enable Pulse foll- 
owing an CPU read Output Register operation and returns high when 
IRQA1 is next set by CA1. 
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Determine Active CA1 (CB1) Transition for Setting 
Interrupt Flag IRQA(BM -(bit b7) 

b1 = : IRQA(B)1 set by high-to-low transition on 
CA1 (C81). 

bl = 1 : 1 RQA(B) 1 set by low-to-high transition on 
CA1 (CB1). 



IRQA(B) 1 Interrupt Flag (bit b7) 

Goes high on active transition of CA1 (CB1); Automatically 
cleared by MPU Read of Output Register A(B). May also be 
cleared by hardware Reset. 



H 



CA1 (CB1) Int errupt Request Enable/D i sable 

bO = : Disables IRQA(B) MPU Interrupt by CA1 (CB1) 
active transition.'' 

bO = 1 : Enable IRQA(B) MPU Interrupt by CA1 (CB1) 
active transition. 

1. IRQA(B) will occur on next (MPU generated) positive 
transition of bO if CAT (CB1 ) active transition occurred 
while interrupt was disabled. 



b7 


b6 


b5 


b4 


b3 


b2 


bl 


bo 


IRQA(B)1 
Flag 


IRQA(B)2 
Flag 


CA2(CB2) 
Control 


DDR 
Access 


CA1ICB1) 
Control 



IRQA(B)2 Interrupt Flag (bit b6) 

CA2 (CB2) Established as Input (b5 = 0): Goes high on active 
transition of CA2 (CB2); Automatically cleared by MPU Read 
of Output Register A(B). May also be cleared by hardware 
Reset. 

CA2 (CB2) Established as Output (b5 = 1): IRQA(B)2 = 0. 
not affected by CA2 (CB2) transitions. 



Determines Whether Data Direction Register Or Output 
Register is Addressed 

b2 ■ ' Data Direction Register selected. 

b2 - 1 : Output Register selected. 



CA2 (CB2) Established as Output by b5 = 1 



bS 
1 



b4 




b3 



(Note that operation of CA2 and CB2 
output functions are not identical) 



-CA2 

b3 - : 



b3 ■■ 



b5 
1 



b4 



b3 



Read Strobe With CA1 Restore 

CA2 goes low on first high-to- 
low E transition following an 
MPU Read of Output Register 
A; returned high by next, 
active CA1 transition. 

Read Strobe with E Restore 

CA2 goes low on first high-to- 
low E transition following an 
MPU Read of Output Register 
A: returned high by next 
high-to-low E transition. 



•CB2 

b3 - : Write Strobe Witf C51 Restore 

CB2 goes on low on first low- 
to high E transition following 
an MPU Write into Output 
Register B, returr.ed high by 
the next active CB1 trans'tion. 

b3 = 1 : Write Strobe With E Restore 

CB2 goes low on first luw-to- 
high E transition following an 
MPU Write into Cutput 
Register B; returned high by the 
next low-to-high E transition. 

- Set/Reset CA2 (CB2) 

CA2 (CB2) goes low as MPU writes 
b3 = into Control Register. 

CA2 (CB2) goes high as MPU writts 
b3 = 1 into Control Register. 



CA2 (CB2I Established as Input by b5 = 

b5 b4 b3 



CA2 (CB2) Interrupt Request Enable/ 
Disable 

b3 ■= : Disables I RQAtSJ MPU 
Interrupt by CA2 (C32) 
active transition. 1 



b3 = 1 : Enables I RQA(B) MPU 
Interrupt by CA2 (CB2) 
active transition. 

1. IRQAIB) will occur on next (MPU 
generated) positive transition of u3 
if CA2 (CB2) active transition 
occurred- while interrupt was 
disabled. 

Determines A ctive CA2 ICB2) Transition 
f or Setting Interrupt Flag I RQAIBI2 — 
(bitbiH 



b4 - : I RQA(B)2 set by high-to-low 
transition on CA2 (CB2). 

b4 - 1 : I RQA(B)2 set by low-to-high 
transition on CA2 (CB2). 



FIGURE C-k 
PIA CONTROL REGISTER FORMAT 
C-ll 



C INTERFACING SPECIFICATIONS 
C.2 PIA INTERNAL ORGANIZATION cont'd 



This, in effect, tells the peripheral it has been read and allows 
it to acknowledge via CA1. The "B" Side operation is similar except 
that CB2 is taken low following an MPU Write Output Register operation 
and returned high by the next CB1 transition; this tells the peri- 
pheral it has been written into and allows it to respond via CB1. 

In the pulse strobed mode (b3 = l), CA2 is again set low by a Read 
Output Register command, but is now returned high by the negative 
transition of the next MPU originated Enable Pulse. CB2 operation 
is similar except that an MPU Write Operation initiates the pulse. 
The use of A side for Read and B side for Write in those figures 
is not meant to imply that A and B sides must be used only for 
peripheral data in and out, respectively. However, the strobe 
modes are implemented only as shown, i.e., a strobe is not generated 
by an A side Write or a B side Read. Strobes can be generated for 
these cases by including "dummy" instructions in the program. For 
example, an A side Write instruction can be followed immediately 
by an A side dummy Read to generate the strobe. Similarly, a B 
side Read can be followed by a dummy Write. 

C.3 LINE PRINTER 



For interfacing signals to the Line Printer see the PIM/l 
schematic and Table C-l for pin numbers. Soc ket X 1 5 rece i ves 
signals from the Line Pr inter . They include HOME, EMPTY, SW1, 
SW2, JAM, and PO. When HOME is low, it indicates the print head 
is at either side of the printer and ready for data. When EMPTY 
is low, i t in dicates no data has been entered into the storage 
buffer. SW1 will go low when the RED switch (left) is depressed. 
This signal will generate a CLEAR signal for the printer. SW2 
will go high when the YELLOW switch (right) is depressed. This 
signal places the printer on-line when first pressed (Light comes 
on) and Off-Line when pressed again (Light goes out). 

JAM will go high if the paper is jammed or some other printer 
malfunction occurs. The RED Lamp (left) will come on. Once the 
jam condition is corrected, the clear switch (RED) can be depressed 
to reinitialize the printer (RED light will go out). PO is the 
out of paper signal and acts the same as JAM. Holding the RED 
clear switch down will allow automatic paper feeding. 

Sockets X13 and Xl^ provide signals to the printer. DO to D5 contain 
the Data codes. D6 provides for lowercase letters and D7 provides 
for double width printing. They are true when high. RUN going low 
will cause the data on D0-D7 to be loade d into the buffer regi ster. 
After the first strobe pulse, the EMPTY signal will go high. CLEAR 
going low resets the printer from a JAM or PO condition. 



C-12 



C INTERFACING SPECIFICATIONS 



C.3 LINE PRINTER cont'd 



A system reset also causes a CLEAR sig nal. L AMP 1 going low 
causes the RED (left) lamp to light. LAMP 2 going low causes the 
YELLOW (right) lamp to light. 



C.U P.C. BOARD CONNECTIONS 



C.U.I CRT/1 



On the CRT/1 board there are two types of signals. The "COMP 
VIDEO" and "GND" are used to connect via 2 wires directly to the 
composite video input of a video monitor. The two long paths are 
used for RF TV antenna "proximity" connection. See the assembly 
instructions for the CRT Board. . These wires may be soldered 
directly into the P.C. board hole as labeled. If the Video monitor 
is over 10 feet distant from the CRT board, coaxial cable should 
be used. 



C.U.2 SIM/1 



On the Serial Interface Module board SIM/1 there are a large number 
of solder holes or "posts" for direct wiring to various interface 
I/O peripherals. As explained in the assembly instructions, thes? 
include cassettes, modems, teletypes, RS232 lines, 20 ma current 
loop, and TTL compatible devices. Wires may be taken from the 
board edge nearest the back panel to jacks along the chassis or 
directly out to the devices. An ON/OFF relay with one normally 
open 10 watt contact (DC only) is also provided on this board for 
each communications interface. This relay can be used for computer 
control of the cassette, TTY, or any other device with in the 10 
watt limit . 



C.U.3 PIM/1 



On the PIM board the top two PIA chips with their sockets may be 
used to control a floppy disc (IBM Compatible types). The 
third PIA is prewired out to a large "breadboard" area for the 
customer to interface any devices he can dream up. The IC 
sockets have power provided to pins lU and Ground on pins 8. A 
place is present for resistors and capacitors. The Uth PIA is 
used for the printer interface circuitry. The 20 1/0 lines may 
be used by removing the printer interface circuitry. Then Xll 
and X12 will provide the connections via lU conductor flat ribbon 
cables. Similiarly the first 3 PIA's can be used via their Ik pin 
sockets with flat ribbon cables out through the bottom or back of 
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C INTERFACING SPECIFICATIONS 
C.k P.C. BOARD CONNECTIONS 
C.*K 3 PIM/1 cont'd 



the chassis. This makes 80 I/O lines with +5V DC, RESET, and 
Ground available as Digital TTL compatible (l load each) interface 
signals. Pin 7 is uncommitted and other necessary signals can be 
jumpered to this location. 



C.k.k CPU/ 2 



On the CPU/2 board at the right hand side are 3 solder points for 
interface to a teletype or other 20 ma current loop device. In 
this mode add the two jumpers PB0 and PBT and use the appropriate 
software. Note that PB0 and PBT on the X5 connector socket should 
not be used as I/O lines . Also available on the top edge of the 
board are connections for an RS232c serial device. 
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D COMPONENT DESCRIPTIONS 

This section is designed to help the user by providing a summary 
of the specifications of the components used in the Sphere system. 
Not listed are resistors, capacitors and hardware generally available. 

DIODES 



MBD501 




D-3 


SCBA05 (or VKOl+8) 


D-5 


1N91J+ 




D-6 


inUooi 




D-6 


INU7I+3 




D-8 


1N5225-B 




D-13 


1N5338-B 




D-19 


1N5339-B 




D-19 


1N53H8-B 




D-19 


1N53^9 




D-19 


3SM2 (or 


V352) 


D-22 


TRANSISTORS 






MPS6521 




D-23 


MPS6523 




D-23 


TIP36A 




D-2U 


2N2369-A 




D-28 


2N5129 




D-30 


2Ni|U00 




D-31 


OPTO-ISOLATORS 




UN33 




D-36 


VOLTAGE REGULATORS 




LM309K 




D-1+0 


LM3I+OK-IS 


> 


D-l+3 


VOLTAGE COtTPARATORS 




LM3H 




D-50 


INTEGRATED CIRCUITS 




555 




D-5 5 


7Ul 




D-59 


1U88 (or 


75188) 


D-63 


1U89 (or 


75189) 


D-67 


U001 




D-71 


1+013 




D-73 


U018 




D-76- 


1+070 




D-81 


6800 




D-8U 


6810 




D-95 


6820 




■ D-99 


681+2 




D-107 


6850 




D-117 


6860 




D-126 
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INTEGRATED CIRCUITS cont'd 




7^00 


D-lUl 


7^02 


D-ll+2 


7U0U 


D-1U3 


7^05 


D-1U5 


7^07 


T>-lk6 


7^08 


D-1U7 


7U09 


D-1U8 


7^10 


D-1U9 


7Ull 


" D-150 


7U17 


D-1U6 


7^20 


D-151 


7U27 


D-152 


7^30 


D-153 


7^1+2 


D-15U 


7^51 


D-155 


fhjk 


D-157 


7^83 


D-159 


7U86 


D-161 


7U90 


D-162 


7*+93 


D-163 


7U95 


D-165 


7^123 


D-166 


7J+150 


D-168 


7U155 


D-170 


7U156 


D-170 


7^157 


D-173 


7'+l63 


D-175 


7i+l66 


D-180 


7 i +17 1 + 


D-181 


8096 


D-183 


8097 


D-183 


8098 


D-183 


8123 


D-185 


8833 


D-187 


9601 


D-188 


9602 


D-190 


CHARACTER GENERATORS 




2513 


D-193 


SCM 3088L 7 I +35A 60U-V10H- 


-01 D-20^ 


MEMORIES 




1702A 


D-201 


2102 


D-206 


2107A (or equiv. ) 


D-209 
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MBD501 



-W — ° 



SILICON HOT-CARSIER DIODE 
fSCHOTTKV BARRIER DIODE) 
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me; its. 
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utics Qy Slimhatmg the ' Cjt-'Ahisltt.-" or -S-Bero" Contact 

• rxtrsn-cly Lrw Minority Carrier Lifetime - 100 ps 'May) 

• Very L-.-A Capacitance - '.0 p r - 

• H^h Reverse Vo'tnge - to 70 Valtr 

• low F evens l.eik^jp - 200 r>A !M<.;.j 
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HICH-VOlTAGE 

SILICON HOT-CASRirR 

DETECTOR AND SWITCHING 

DIODES 

50-70 70 US 
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| -Si To UFO 
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mW 
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MBD501 cont'd 



KRAKAUER METHOD OF MEASURING LIFE TIME 




FIGUHE 1 - TOTAL CAPACITANCE 



TYPICAL ELECTRICAL CHARACTERISTICS 




50 10 15 10 ?5 ID lb 1,1 45 

Vh RtVEHSEVOLTACt 1V0LTSI 



FIGURE 2 - MINORITY CARRIER LIFETIME 




:o J) M so 6.i ;o so sc ico 

If FORWARO CURRENT. c.AI 



FIGURE j - REVERSE LEAKAGE 
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Vfl. REVERSE VOLTAGE frfLLTSl 



FIGURE 4 - FORWARD VOLTAGE 
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SCBA05 (or VK0U8) 

"ALPAC 1 ;. SILICON BRIDGE RECTIFIERS 

Sec'tech Coroo<-ation introduces ".M.PAC" a comr>le:e line ot Sine'e Phase Silicon Bridge 
Rectifier circuits. Designed in Aluminum Cases to p-ovids maximum thermal conductivity 
and sinm!e installation. "ALPAC" universal terminals, insulated from case : provide a 3 way 
electfical connection: fast disconn ?ct. wire wrap arcmd and hoie wire inseit for soldering. 
Inter rislly the device utilizes the Serntecn hisn ptrfoTi-.^nce solid double heat sink junc- 
tions designed for mechanical strength ind climiiiiting the use of so : ders for improved 
reliability. The bridges are designed for utilssstion in power supplies, AC to DC converters 
and motor control circuits. 
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SCBACS 


so 


35 


25 


19.5 


•2.5 


6.0 


5.0 




150 


7b 


10 


5 


100 


MS3 


SCBA1 


100 


70 


25 


.8.5 


12.5 


6.0 


5.0 


1 3.0 


150 


75 


1.0 


5 


100 


MH3 


SCE5.J 


100 


140 


25 


18.5 


1? 5 


5.0 1 j.j 




150 


75 


10 


5 


100 


MB3 


SCBA3 


300 


»;n 


25 


IS. 5 


I2.S 


S.5 


5 


J 3 


130 


75 


1.0 


5 


100 


Has 


SCB*4 


400 


20C 


2; 


18.5 


12 5 


CO 


5 


3.C 


150 


/5 


1.0 


5 


100 


MB 3 


s;s;c 


600 


£20 


25 
.. .. 


' ? c 

1 




G.O 

, 




1" 


150 


T-. 


i.l) 


< 


10c 


Ml J 



AC O 



.C62 
.193 DIA. : D!A.. P62 MAX 

.406 MAX 



1.00 MA>. 



_i 



.032 





1.125 
4 SIDES _ 




r.562-i 
1 — .712 — ' 








-336^ 




45? 


f , ."... j 


"T 


.562^- 


C'-T. -i 


.500 


.i 


-L 


-.500 - 




Tolerance XX ± 030 




XXX 


i .020 





Maximum t^eira! .mp'jcaricp jur F ctor> re trr.-imtinF, s'jr-ace i.s C/Vvatt. 
Maximum operating ane storage temperature — 55 : C to -150' C. 



ALSO AVAILABLE IN FAST RECOVERY 
TECH BULLETIN WB15 
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absolute maximum ratings at 25 C C ambient lempcruture (unless otherwise noted) 



iiO°C 



150°C 



"75" 

10" 
' 225" 


1N914A|1N914B 
"" 75 j ~ 75 ^ 
75" i 75 ' 

" 10J "10 

225 I "225~" 


1N915 1 1N9U | 1N916A 
"50" | 75 ""'" "l'C 
75 75 j 75 A 
10 10 ! 10 1 
^ 225" | 225 j 225 
" SCCTT" 500" T 500 ~~ 
250 ,250 p"250 


IN916B 

" 75 "" 

75 
""" 10 


: IN917; Unit 
"" 30 ~» 

50 1 ma 


10 i mo 


225 

500"" 
- -j- 5 y-- 


150 ' mo 
' 300 , rrn 
"250 r.mv"" 


5'JO 
250 


5"co j sno 

25b~| "2 50~" 




— 65 to -r 175 






200 


°c 



V, Kevr-e Voltage at — 65 to 

l„ Avercge Rsctitied f*d. Current 

l D Avercoe Rectified Fvrd. Current ot 

it Recu>rent Peak Fwd. Current 
ir[i«rg«i, Surge Current. 1 sec 

P Power Dissipation 

T» Operating lerroerclijre Range 

I,i 9 5tortrfje Trmpercture Range 

maximum electrical characteristics at 25°C ambient temperature (unless otherwise noted) 

BVk Min Brcokoown Voiioge ol 100 /xa 

\ Reverse Currant at V« 

U Reverst Current at — 20 v 

l B Reverse Current ct — 20 v at 100 C C 

U Reverse Current at — 20 v ct — 15fj°C 

Ir Reverse Current m — 10 v 

le Reverse Curient ot — 10 » at 125°C 

It Min FwJ Current ot » F -- i » 

V r a! 250 )'.B 

V f oi 1.5 ma 

V* ot 3 5 ma 

V F ot 5 mo 

V? Min ot 5 ma 

C Ccpa'Jtcnie 0; V» - 



100 


100 


100 


65 


100 


100 


! 100 


40 v 


5 


5 


5 


5 


r 
5 


5 


1 5 


A"M 


0.025 


0.025 


0.025 




0.025 


0.0:5 


0.025 


IXC 


3 
"50 


3 
50 


3 


r~s 


3 


3 


3 


25 , ;uo 


50 


1 50 


50 


50 


/IB 

0.05 , jin 








0.025 








1 ! 








i UC 


13"^ 


- 2 °-, 


100 


50 


10 


20 


30 


10 ; mo 
0.64 , 1 




^ 












| 






■' 




0.74 l v i 














: 


0.83 i v 1 






0.72 


0.73 






0.73 


v i 








6.60 i ; [ 


r^i 


4 


4 


4 


4 


* 


' 


2 


2.5 : p> 1 



operating characteristics at 25°C ambient temperature (unless otherwise noted) 

t„ Mox Revera Recovery lime 

V) fwd Recovery Voltage (50 mo Peck Sq. wove, 
01 fisec pulsj width, 10 nsec rise time, 
5 kc to 100 ki rep. rote) 

• Ttodl.nfl't of lust llMTftmntJ 
" Umcuc* (10 fl>3 \ r tO rra lj. r«e»ir ft 1 mo| 
** ?C1G PC m» i f . ti V F i«io«tr «« 1 m«] 



"4 ! "4 | "4 
e 8 j °8 j "8 


"10 1 "4 i "4 1 "4 °3 nset 
°8 | e 8 °8 ! nsec 


1 1 

! I 
2.5 ! 2.5 ! 2.5 ! 2.5 


2.5 : 2! : 2.5 ' 2.5 v 



inUooi 



'absolute maximum ratings at spocifie 


d ainbientt temperature 








K ! 1N400I 1MO02' lrV10C3: 1N4104I 1N4005I 1 N400A 1 1 N4007 


UNIT | 


„ Peck Reverse Voltes? ' r crr. 
,M ~65°Ct? -H75°CiSee Note 1) 


50 j 10U j 203 | 400 I 600 j 800 j 1000 


» i 


„ Steody Store Reverse Voltcge i ,„ 1 

V " frcn 2?°Oo 75°C ! 5 ° ! ,0 ° 


200 


400 


600 j 800 


1000 


V 


. Avercge Rcrt-fted Forward Current from j 
° 25°C to 75"C (See Notes 1 and 2) ' 


a 


. Repel.' ve Peck Forced Current, 10 cvcles, 
fM|r,pl ot(O'bilow) 75°C (5?e Note 


10 


a 


. Peak Surge Current, One CyJe. 
" K ' l "">" ot (or b:'ow)7> c C (See Note 31 


30 


a 


I*:op-i C-perosl-.g Arriient Ten-perolure Range | -65 to -r- 175 


C C 


T,. g 5(;rc-35 rernpcr'.lure Songs j —65 to -*-VX 


"C 


le. d Temperc*>:re S inch from j 

Cose tor 10 Seconds j - 35 ° 


•c 



MOTES: I. Thest taljis mo* bi applied conimwufijr- >vti4tt iingtt-phnsi, 60tpi, half-iini-vovt ofiirat'sn with rtitit iv* load. Atwvt 7S a C dcratt l Q 
occordinj re Figurt t 

1. Thii TnUtiwt ii a leodHondiKtion-tooied d».ite. At fcr obevt) an-ciioi umDfrsur« of 7 S°C, rr-t l<a^ t*mpfrc!uf- j\ inch from caie mm', it 
n% higfitr tbon S°C obc« Iht omairnt tii-ptr-jj.rt for It tit 'stmgi p o.iply 

3. Theie »ei-« apply 'or 60-cpi l-olf urt »o»»i *h»n th* divict it opt.odpg at (»r belo*} -3t*d *a'u« of ptaV rtvtrtt voilage and ate-i3« rtttifitd 
forward {brief. Su tj# rna* &■ reptclcd ofttr tht dftrici hai rta'med !s original llitr^ial equilibrium. 



* <nditit«t JEDEC rtj-tlerid dati. 

t Th« vrbitnt ItntBtraNr* i ,-ntiinred ot o point 2 inches btlow the dtvui. Nature) a<i (oolinf fhail bo uttrf. 



D-6 



D COMPONENT DESCRIPTIONS 
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*electr 


col characteristics at specil 


ied ambientt temperature 






PARAMETER 


TEST CONDITIONS 


MAX 


UNIT 


'. 


SVjtic River;* Currant 


Vj = Seed V,, T A =■■ l'i°C 


10 


UO 


, K ■- Ri.t=d .',. T A ---- 100°C 


50 


h° 


U1...-1 


A/eraoe Reverse Current 


V lM --- Rated ^u, i c — 1 a. 


30 


,uB 


Vr 


Static Forward Volta^p 


1= = 1 a. T A --= ;5<C to 75°C 


11 


y 


Vf ( ., ; . 


(Werage Fs.-wnrd Voltage 


V RM = Rated V (M , l = 1 2, 

f ■= 60:pv T A -- 25\lc75"C 


0.8 


y 


V, M 


Peak Forward Voltage 


V„„ -' Rated Y» M , l --, 1 , 

f ^ 60 cps, T A -- Z5°C So 75°C 


1.0 


• 



*lidko:t( JEDEi. «jit1ir#d data. 



THERMAL INFORMATION 



FORWARD CURRENT DERATING CURVE 



-50 



-25 











f 








1 












I 








See Note 2 
































i 


















.v--i.,-? t 'cse | 














1 


V ' - ". jS? TCr 


\, 


















! 


N X 


















H-ie-' - -*e V A ve 
























^__H 


N^L 




















r>s \k 




















^<V 




















r^ 


*v 


















• ^<x 



















1 ^S 



+25 o0 +75 

T A — Ambient re-ripsrature — °C 

FIGURE 1 



-125 



150 *175 



+ Thf ombient itmpiratur* >i measurtd oi a pent} 2 Inct-ti btlow the device Neturol air (polinj shod be vitri. 

hOTt I TSt rtttif.fr ii a Itad-irnduiron-fr- t t fevict Ar [tn abovi| ttnbient temper eturti of 75°C, the lend Itmperotufe ^ inch [rom <ait mwf be 
it> higher fhofi S*C ab;v* Ht ambient ."cnpLrattire f« (hue talingi to oppty. 
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D COMPONENT DESCRIPTIONS 
D.l DIODES 



1NU7U3 



^-jfc.^ift.uj -.'.»*. iMi».i*i«iv; 









Zl 



1.0 WATT SURMETIC 3GSiL»CO^ ZENER DIODES 

d complete series of 1.0 Watt Zene' D'odts with limits and 
opfrai-ng cnaracterisfcs that reflect the v.uenor capabilities of 
silicon ox fds-pass'vateC |unctions. *■'• tn r . m «n axi-l lead, transfer- 
molded ptastc package offering protection 'n ail common environ- 
mental conditions 

• To 80 Watts Surge Rating (&> 1.0 ms 

• Maximum Limits Guaranteed on Six Electrical Paiameters 

• Package No Larger Than the Conventional 400 mW Package 

Designer's Data for "Worst Case "Conditions 

The De;Kj-f rs Data sh*t-u permit trie ctes g r " (X t.oii cr it. ;ts sniirpiy from the in- 
• oriTiaiic'i D'estr'.eij Limn curves. - ffDreipnting bo^ndamjs or device characteris- 
tics - 3f pt-.c-i to faci .tate 'V.orst case' detiqn 



MAXIMUM RATINGS 








R*t,r>« 


Symbol 


Value 


Unit 


i 'DC Power DilSiDoii jn (r- 1 T f. - t.0 C C 


p D 


' 


'.Matt 


! Orratp abov 5C g C 




C-67 


mW/°C 


| ;>C F-Oivjr C'iS-t,at.jn(PT|_ - 75°C 


>D 


3.0 


Warts 


] Lead L-iro-.h = i/S" 


• 






1 Oerait vi-ovt "'& C C 




24 


rrW'°C 


■ *C; r . ;■:.! intj aiil :%^D'b a e Jurctiari 


' J- T stc 


-'35 to 1 200 


«c ' "• 


1 T Ti.F,cr3:^.ri' fia.ic;* 









ivirCHAMICAL CHAPACTfcRJSTlCS 

I. Abe. Vitj-fi-is, :.'en;i?r-ni^lj'>d tliir'nosetimg ptartic 

f iM..,'^. ^11 fr-pr-v s.irijcti pre "orrovon res'Sfjut and 'eaas are readil -• soiderab't 



KO-^HITV r „ 



oct nj-f.at^d by ^al-inty ha"u When operated m zener mocte. catnode 
tv uii-ii.se v.l:n resnect to anode 



V.0 ; -VJT i; -:3 POSITIOM. An 
tVEIGVI i . C 4 t,rarr 'j-pprgx) 



hgure -, - romc. rtwPEHAruR!: derating curve 


3 '^v ' "*S 


; L- It AC ..EMSTH | 
Y 11 HEM i. NK j 


• ... i >»». 


\ L_L_^x:.-_ ;_. t 


\ ' ! i 1 


5 Jl| J . — "S^ 


— . _\ .— J i j 






1.0 WATT 
ZEIMER REGULATOR DIODES 



T|_. UAOTEUPESiTUREl'C: 



3.3-200 VOLTS 




© 



7 









*inu caici JEDEC Registeiert Oata 



..J 
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D COMPONENT DESCRIPTIONS 
D.l DIODES 



1NU7H3 cont'd 



ELECTHiCAL CHARACTERISTICS <T A - 25°C ,niess otherwise need) 'Vp = 1 .5 V m„, , F . 200 mA for all types 




NOTE 1 - TOLERANCE AND TYPE NUV3FR DESIGNATION 

The JEDEC typ* njmucs |i»»Tj ha.e a uandard toierence on 
the nominal 2en*' vol'ane of ±10^. A - 
on individual units is c.sc a'.ni.jolp and 
"A" to the standard type nuit.bsr. 



d tolerance o* t jS 
r.zatel ty sufficing 



NOTE 2 - SPECIALS AVAILABLE INCLUDE: 

(Al NOMiNAL ZENER VOLTAGES BETWEEN THE VOLT- 
AGES SHOWN 4ND ^IGHTErH VOLTAGE TOLER- 
ANCES: To de->g~ef> units *iirh zenflr voltages otner 
than those assigned JHOEO numbers ana/or tinht voltage 
tolerances (±5%, ±3-., ±2*. ±!H,|, the Motorola type 
number ihou'd be used. 



(B) MATCHEDSETS: IStandard Tolerances a.» .- 5 0% ±3 0% 
±20%, ±1.0%). 

Zener diodes can be gotained <n sets consisting of two 
or more matched dev.ces. Tha metne-j fur ; C a:'yTo -:^cii 
matched sets is simi.ar to the one describee in ;»,i, except 
that two extra suffixes are added to the code numoer 
described. 

These units are marked with code letters to identify the 
matched sets and. in addition, each unit in a set .s marked 
with the same serial number, which is different tor each se; 
being ordered 



Device 
Oescriotion 



1 



M 



Motorola 



90 



Ncninal 
Veltage 



Tolerance 
(±.%l 



1 

T 

Device 
Descr.ption 



T 
Motorola 



1 



51 Volts 
leach device) 



2 S 

T 

Surmet.c 



T T 



Sumetic 



Zener 
Diode 



Code: 
B - Two devtces in series 
C - Three d«.*vces in series 
D - Four devices in s^r-es 



E*«,mpte. 1M902S3 



Zener 
Diodes _ 



Tolerance 1 

per device ' t.5%1 
iomit for t2U% on-t;) 



Overdl! 
Tolerance 
cf te* 

(+.T%J 

Code* 

I Vi'Jot used,' 



Example: .M51ZS5B. 
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D COMPONENT DESCRIPTIONS 
D.l DIODES 



1NU7^3 cont'd 



(C> ZENER CLIPPERS. (Standard Tole.ance ± 10% and ±5%). 

bpr-ciai clipper oiodes with opposing Zener junctions built 
into ;he device are avails'-: b* u«.ng the following nomen 
clature: 



Device 
Description 



?0 

T 

Nominal 
Voltage 



T 



i 

Surmetic 



Clipper 



Mo*orola 



Zener 
Diode 



Example 



1M20ZZS10 



Tolerance for each of 
the two Zener voltages 
(not a matching require- 
ment! 



NOTE 3 - ZENER VOLTAGE <V Z 1 MEASUREMENT 

Motorola nuaranteps :t,e /ener voltage when mtasured at 90 
.t-cv-iiwuifc rr.ainiain.ny the lead temperature <T L » at 30°C - 1°C, 
^ 8 " f.om th<„' diode body 

NOTE 4 - ZENER IMPcDANCE iZ z ) DERIVATION 

T he zener imp-dance is derivt-d from the GO cycle ac voltage. 
wni^n results when an ac current having an imi value equal to 10"o 
oi :n^ dc /cut current (i Z j or l ZK ;) s superimposed on ^ZT ot f ZK 

NOTE 5 - SURGE CURRENT |. r l NON REPETITIVE 

The i-a-ing iisi^d in i.\e elt'ctncai characteristic!, table is max. 

n-.urr pejK nc-r-rop'-'H'ive mvcrw surge curr-nt ol 1 - '?. sq arc /.ave 
or e r.jiv3ifcnt ;,nr >\a>.L p.lse y 1;\2Q second duration super 
ir pc. co on (tc test current, 1 ZT , par JE DEC registration, however, 
jciua' device zapjuitity is cs described in F.gures 4 and 5 



APPLICATION NOTE 

Smce the actual vo'tage available fro in a given zener diode is 
rtmpeuTjre depencent it ts necessary to cetermine junction rem 
pe'ature under any set of operating conditions tn order to calculate 
it* v»ue The following procedure is recommended: 

Lead Temperature. T L , should be determined from: 
T L e *LAPD* T A 

^Li " ,np lead-to ambient tr-.rrma' resistance !°C'WI and 
P T IS Tne oower dissipation ~he value 'or d LA will vary 
and depends on the aevxe mounrrg n-,ethod i^ A n gen 
e'dhv 30 40*-C.'W *o the vsmous cups and tie points in 
jO'uno'i use and lor printea i_t-::uil board wmng 

The temperature O* the lead can also be measured using a thermo- 
couple placed on the lead as close as possible to the tie point. The 
thermal rrass connected to tne tie pomi i% normally large enough 
so that it will nci significantly respond to hear surges generated in 
the dioae as a result of pulsed ODerat on once steady-state condi 
tions are achieve. Using the measureo vaiur. of T, , the (unction 
temperature may be determined by 



Tj.T L »aT JL 

AT jj_ is the increase m junciior temperature above the lead 
temperature and may be touno from c .gure 2 fo* a train of 
power pulses (L - 3/8 inch) or from Figure 3 for dc power 



AT 



JL ' 



OJL* 



For wors' case design, using expected limits of lj, iim.ts of Fq 
and Tnee»irftrr.es of Tj(ATj) may oe estimated Chr>ng<js it,- voltage, 
V;, can Then be found from 

iV * (-vzATj 

ft VZ. th « zener voltage temperature coefficient, is found from 

Figures 6 ana 7. 

Under high power pulse operation the zener voltage will vary 
with lime aiio mav also be affected signil icantly by the 2encr resist- 
ance f^o' best 'eguietion, keep current excursions as low as possible 

Da-«cf ' 'pure '2 shcuid r«.t bt os.sd to compute surje capability. 
Surge 'imitai.-on. are given in Fip^rfj .1 Tn e y are lower '.hai vvodd 
be expected by considering onlv junction temperature as currunv 
cowoing cftects cause tempcatu'-'S tc 0u extremely h.gN in smell 
JOO'-S resulting in device degradation snould the Umits ot Figure4 
be exceeded. 
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1NUT^3 cont'd 



FIGURE 2 -TYPICAL THERMAL RESPONSE, LEAD LENGTH L=3/8 INCH 




£ 17 — 
~- 5 



-,! „0 ! *,£ ■!!; T" 8 :T„I 
■Volts'; ^.j/YBisAot'tcaole 
sc :'iy i.Jjn Le";:> (Li. 



O.TY CYl'lE = r 1 ' 1 2 '' -i 1 — | ( 1 i 

"I.V3LE P'-LSE ^.Tj L - ?J L !T)«>PK ■ j I I I L_ j 

-EP6T1T:VE Pt!LSESiT JL = -jr.il OiPpk j p p< *~ ,, '_► , 



=±~ij 



O.J'W 1 O.-i'jOJ Q 3l3:;S 



0^2 n, 005 0.01 15.02 05 1 2 

t. TIME (SECONDS) 



FIGURP 3 --TYfiCiL THERMAL RESISTANCE 





80 




70 


< 




« 


60 


3 


S.I 






» 




a. 


4(1 










C 


JO 










p— 


20 












1U 










3 






1 ! I 

! 


: 1 


! \^' 


i ! ^^"^ \ 


• I -""^ 


i ! ^ 


~S^ !+»-L-*l -4-L-^l 
1-1 I 1 '- 


\^f 


|\ L - ^ /; 


"i 1 


1 FPIMA3YPATH OF 


! i 


THECATH00E tEAO 



=i 



14 3'8 1/2 5,8 3.4 7,3 I 

L. LEAO LENGTH TO HEAT SINK IINCH) 



FIGURE 4 -MAXIMUM NON-REPETITIVE SURGE POWER 
10001- 




\ i i ; ; 

— V 1 1 1 — i— —*-.-- 



ALLO'' JUNCTION BEVICE 



20 3.0 5.3 7.0 10 20 SO 50 70 

V2.ZEMERV0L T AGEiV0LT5l 



FIGURE 5 -SURGE POWER FACTOR 




0.03 0.05 07 0.1 



3 3 5 0.7 1.0 3 5 7 3 10 

SaUABE WAVE PULSE WIOTH (mi) 



30 50 '0 100 
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TfMPE rso AT o;\ E H C - " F,C,CNiS AN '° V0LT *« REGULATION 
c OR UMTS TO 12 VOLTS 



F " 5URE 7 7o^?- A J L,RE c «",c IENT . RANGE 

FOR UM,S 10 TO 200 VOLTS 




L 

60 ?■<> 8.0 9 10 

V'2, ZENES VOLTAGE » | ZT (VOLTS! 



20 40 60 



60 "DC 120 140 160 l80 m 
V Z Zt.'JEB VOLTAGE e i Z t (VOLTS) 



F ' GUW 8 -VOLTAGE REGULAT 




;.0 3.0 5 -J 



2a 30 5a 70 '00 
■7, ikliiB VOLTA3E AT i zr (VOLTS! 






F(CURE 9 - MAXIMUM REVERSE. LEAKAGE 
•85% OF THE UMTS ARE BELCA THE VALUES SHOKMI 






K\- 



£ b.O ■"-;i"T--/::^.-" , "-"rl'- ; J7-y-.'ii-.." 

5 < u fe\v~£^Sff : 



ifcnr^ 



3 1 ,^: .W-^v^^^Eg 




T - = "^- i : -*-- 



• — - iV^-; -i:_ 



3 5L 7l id 



*- 5i 100 ;uo 

mmival v z ivo L rs) 



D (JOMPONENT DESCRIPTIONS 
D.l DIODES 



IN 5225-B 



EDO MILLIWATT SURMETIC 20 SILICON ZENER DIODES 
(SILICON OXIDE PASSIVATED)- 

. .:r answer to the Circ.it Design and Component Engineer-,' many requests - 
A complete "ew >:nes of Zener Diooes in the popular DO 2C4AA case with 
h^hir ratings, tigr.ter i--r.,;s, better operating characteristics ana a full set of 
designers cu.ves thii -e'lcct !.v- i-jpario' capaoilitiec of w:con-oxioe-passivated 
junctions AH ;Ms in a> e»is' -le;-d tnns'er.mo'ded plastic package offering pro- 
tectior in ;:i common environmental conditions. 

• Proven Carat.iiny to MILS- 19530 Specifications 

• 10 WaU Sirye Ratine 
» <f.'°:d?L-!e Leans 

• Maximum Limits Guaranteed on Six Electrical Parameters 



.5M2.4ZS10 thru .5M2O0ZS101 
1N5221A thru 1N5281A I 

(.5M2.4ZS5 thru .5M200ZS5» 
< 1N5221Bthru 1N5281B > 



MAXIMUM RATINGS 

.imction and Storage Tenper?f.-'re: —65 to -*200'C 

!.e,»J Temperature not less than 1/16" from the case for 10 seconds: 230"C 
Do 1" .wer Dissipation: SCO mW <5> T L — 75*C. Lead Length = y t " 
(De-aie 4.0mft/'C above 75"C) 

Surge Fewer: 10 Watts (Non-recurrent square wave i 
Figure 16) 



PW = 8.3 ms, T, = S5*C. 



500 MILLIWATT 

ZENER REGULATOR 

DIODES 

2.4 - 200 VOLTS 



MECHANICAL CHARACTERISTICS 

CASE: voir! tipe, transfer molded. thermosetting plastic 

FINISH- All i/tenal surfeces are corrosion resVant. Leads are readily solderable 
aid ^slrjfol,-. 

Pt>' A3I7Y: C.i'hod? indicated by color band. When operated in zener mode, cathode 
wiii of positive with respect to arode. 

MOUNTING POSITION: Any. 

WEIGHT: 0.1E grain (approximately). 



FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 




-F 



II 

r ±tn 
i (-1 • 



I f^JLA'»n[ H M "iCHES 



« SO 80 100 UO 140 160 180 JM 

■VtfAOTEMr-KAIUPE.Ti 



L* . l _^y___?.3?__o ?jf| ^ijx 



u-*^'i«l , lawj 



CASE 51JJ2 
DO-7 
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D.l DIODES 



IN 5225-B cont'd 



ELECTRICAL CHARACTERISTICS IT A • 25°C unl„ s other*,* no.ad) Based on dc measurement, at thermal .„„ 
leaf isr.ith - *,". ««"nii res.star.ee of heat sin* = 30'C-W, V, - 1.1 Ma> <& I. - 200 m* (or all type.. 





1 Nominal 




JEEtt 


Ztntr Voltagt 


ll 


Type No. 


¥ t '? '.T ; 


Cur 


' INoti 1) 


Volts 
(Note 2) ! 


1 

m 


INS.'Z! 


__.. 2 ^ , 




INi. 12 


2 i 




iv.isa 


2 7 




: NSJ24 


2 » 


■■ 


1N5723 


; s 


2 


i:i5' , 2= 


>■* ^ 






:s5i'. 


■'."0 


1 I J 


e.,'10 


' 


iNSiv; : 


110 


i 1 1 


' c 




1 N r . ^ T3 ! 


i;c 


1. 


»'\> 




if-sa?4 j 


'.30 


| 95 ! 




' 


1NSJ75 j 


U'-' 


! 90 


I J 00 




^5: 76 [ 


no 


! 0. Ob 


JJrOO 




lS5i77 


150 


1 *0 






IN5J-8 


:-o 


1 0.74 ! 


IJiW 




»N^.>9 ' 


;pi. 


a si 


22;0 




:s=2po 


;ao 


1 6>5 


itO'J 




INiiol 


200 


! C 55 


2500 





NOTE 1 -TOLERANCE AND VOLTAGE DESIGNATION 

Tcierance designation — Tn- jEDEC t>pe n-jm2eri shown ind^ate a 
ti/c-'snce ct -10 .1 with guvai-.teeo :n-i>ts on on'y V t l, sid V, *s 
$fio*i m tne above ".*£->. UMs> w.t* gu j-ant^e,- ; ; mits an jl! sn 
p*f.iT;.j*ers art* mc.cated by suffi* 'A- 1 f 3 r -10^ tolerance ana surf,* 
B for *5 Q\ units. 

Noo-S'mdird voltage designation — To designate units v.ith rtr.er 
vacates ether than these assyned j£2£X numbers, the type 
number should be used. 
EXAUnt: 

0.3 M 90 2 S 5 

"^J T I T I — <--- 

Manufacture J j . 1 Surmet.C 

Nominal Voyage — * *— Zener Dxdes 

NOTE 2 - SPECIAL SELECTIONS AVAILABLE INCLUDE: 

1 — Nominal ztn*r voltages fct-tweer. tnose shown. 



2 — Matched sets: 'Standard Tolerances are ri5.0%, d=3.0%. 

±2.0%, ±l.C f / a ) dependinR on voitage per device. 

a Two or n-ora unU *^r sem's c^-^ct'On *ith soccifted 
tolerance on tote' wc-ra,ce S; : ;s marked sets rra».e lener 
voltages m excess o' "CO vo-:* v ■-■.si^e ^s well as proM^i.-.g 
lower temi>:r-j:ure coe');c,e;;,'s. ;;*e* dynarvc -rnpsdar-e 
and greater pcA-er ha-HT.-np acil ty. 

b. Two or mo-e units (Patched to one a lOt^er vith a.iy spec- 
if'ed tolerance. 

3 — Tight voltage tolerances: 1.0%, 2.0%. 3 0%. 
NOTE 3 - TEMPERATURE COEFFiC'ENT (* vz ) 

Test conditions '£' tern,-ei-3U.r« coet'xient are as fo'fows.: 
a. !,- - 7 f n A, :, 3 2-*C. 

T, - I?V" (1N£22!A. B thru 1N5242A. B) 
b l r , - Ra-ed I,.. T, — 25*C. 

T, - 125 J C (1N5243A B thrj 1N52P1A. J> 

Dev>ce to be terrpe future stained w^th curort a = p( oi onor to 

reading breakdown vo'tage af tne specified ambient temrer:,tu;s. 
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TYPICAL REVERSE CHARACTERISTICS FOR SELECTED ZENER DIODES 

Cur.es rw.eC J. wereov: -. . '■:- ar -^^r. ~<e -is a' ;-?'ffa' equ-i.tnurr ifjc; ip^-n ; V therms res.sunce o< heat s-nh 30'C/W 
: . j'*»= ^d'Kea T . *err OEtdir-sc ton-, pjlse tests ■nrjuri'.'-.g cond.ticni tie r»o: a 'actor 
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FIGURE 3 
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FIGURE 4 
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TEMPERATURE COEFFICIENTS A'JO VOLTAGE REGULATION 



FIGURE 8 - SAXGE. H* LJN'TS Tfc 12 V0U-- 



: ;UFI 3 - SAH3F. TOR UNITS 12 TO 200 VOLTS 





iC 40 60 SO .j'j 120 HO 160 130 200 

'/■„ hW VOLTAGE I'rtHTSI 



FIGURE 10 - EFFECT OF ZENER CURRLfiT 



FIGURE 11 -VOLTAGE REGULATION 
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TYPICAL ZENER IMPEDANCE 



FIGURE 12 - EFFECT OF ZtKW CURRENT 




FIGURE 13 - EFr'ECT OF ZEKHR VOLTAGE 
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FIGURE 14 -TYPICAL THERMAL RESPONSE 




M 30 50 1M 



FIGURE 15 — TYPICAL THERMAL RESISTANCE 







i PP.'P.'JRV PATH ; 

! 1 comijc!io»:s -j'x^h 



* H 



>:£C»TrtCCElM — ) 



. Ll^: iEPGTH TO HEAT SINK IINCH1 



Figure 16 - maximum won repetitive 

SUfiGH PQV.'tR - Note 4 




APPLICATION NOTE 

Since the ac'ual voitdgf avai:3Dfe from a g'ven zener diode is 
tenoer?ti: f e depenrte".: ;t l r-eci-ssa^y to de'ermme j^ ret ion temp- 
erai'j'e u;"iO t r any set c* ou'-'at "g c^id;*icr.i n orcer toca'cula"? its 
^ai-e.Tre i-y.^ov-w^ prcced^.T-j ;; recor^r ended: 

Le3d T e*no£ra'ore. Tj., >iO,/d be determined f'cvn: 

*:a is *ne itad-to-a"r.,ic-n* t^er-rui r^?! starve and Pa is the 
cower dissipation. <\ A is generjly jO-*10*C7W for :hc vari- 
ous c! ps and t r e poinis m cvnmon use and for pnrteo 
C'rcutt board wiring 

Junction Temperature. 7., ma/ be fojnd from" 

T^T. + .lTj. 
~T JL r$ the increase .n junct.cn temperature above the lead 
lempe'a'U't anc, nay be 'O'jnd rur > F jure 14 fcr ? trj:n of 
power c-jlscs or from Figure 15 for d*: po^er. 

. ro r worst ■case des gr, ^i-nge/^cted iix.l's of 'i, i>mits cf P? and 
the extremes of T. (_!.■; rr.ey te i*&tiT»ted Changes m voi'.agi, Vz.can 
ther be leund f'om: 

^r. the zene. /C't^ge ten per<!t Lire co*ffiC:en.t, s'c^ndfrom 

riguresS. 9. a;id 10. 

lto<te- •I'tjh power puise or: e'ation, the zener voltage wtll 

var* v.-'r» firrte an-.i r*\iy also be .:r*ect;o; s-gn-^cantl/ by the 
re-ier -c-c-isunce. re bet*, re-feu ^t^on. use snort l^ds, espe- 



cially to trie catlrxie, 
possible. 



jfd keep cj'rent excursions as low as 



Det? :>* c ig. '-e 14 -.'■^■jld ->ot bt uc?d to c&mpjtg surge taoa- 
b"' Xi r,„r?e ^r*- 'j:icr. c art- r; .'en r c igutc 15. They ire lower than 
v.-Cl'.J be exacted by cr^ d-r :"= tj ■: riy junct'on temperature as cur- 
rent trcAdiig t'frj-ts il-'.isz ie~iper.it jres to be eatremeiy high in 
±n n't s,pcis -*rj:-it-r gir, c. .'ce o?s>.-aoa:. on should the hm,ts of Figure 
16 ne exceeded 

Note 4. 

This curve Is directly readable when applied to devices 
with nominal toitay.'s in the 11 to 200 Volt range. For 
devices w.rh nomiiui vo'teges in the 2.4 to 10 Volt 
r-ange, multiply the appropriate peak surge power read- 
ing oy 0.4. 
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F!5!,'»t 17-TYPICAL CAPACITANCE 
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FIGURE 18-TYPICAl FOPWARO CHARACTERISTICS 
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V,. FORWARD VOLTAGE 'VOLTS) 



FISlrtE IS- TYPICAL NOISE DENSITY 
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FISURE 10- KOiSE CEKSITY MEASUREMENT METHOD 

AWLIHEH 



AMMHEfi LOAD 
RE?:5' 




T~p~~ yt~ tt't — h^^t-'^'td 

t- • i-i-vf-:-r-t-U-i 1 — i--"-- 1— t— r-f-f — i 



121 



SO '0 10 10 

V Zl ZEhW VOLTAGE IVCUS1 



OVERAL! gain vsh 

WHlRE EfV - FiJEfi E*NDWiDTH IHU 

V, rf - OUTPUT NOISE (VOLT: RVS1 

The i-.pLt .o.*:^ and \-ad resistance are Tgh so that tr>? «n«r diode is 
Or.-t-i 'ro-Ti ,1 'cnsr.int :urrcn f source The a.TipMier ;s icvv noi*e So that 
:-e a-np..r-jr -a se is ne^-g-b 1 * compared to '.ri£* o' (he test *^""*r. Tie 
fiit'T r-.^-c-L^s^ »» Kno*- lo ihi! the r.-jise densitv cjn be ca ; culj*e<j trjm 
tne fonnjia sfi3*n. The daiz of Fgu'-e 13 a r 'd Uit formula car a'sc M 
used to fi.-<d noise lor any system bArjdw.iith. 
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1N5338-B, 1N5339-B, 1N53U8-B, 1N53^9 



5.0 WATT SURMETIC 40 SILICON ZENER DIODES 
(SILICON OXIDE PASSIVATED) 

... a complete new series of 5.0 Watt Zener Diodes with ligh' limits 
and better operating characteristics that reflect tha superior capabil- 
ities of silicon-oxiae-c:issivated junctions. All this in an axial-lead, 
transfer-molaed piastir. package offering protection in all common en- 
vironmental conditions. 

• Up to 180 Watt Surge Rating @ 8.3 ms 

• Maximum Limits Guaranteed on Seven Electrcal Parameters 



| MAXIMUM RATINGS 

j Junction and Storage Temperature -G5 to +200°C 

Lead Temperature not less than 1/16" from tne case for 10 seconds: 230°C 
DC Potver Dissipation: 5.0 ». , ST l - 75°C, Lead Length - 3/8" 
(Derate 40 mW/'C above ?5°Cl 



| MECHANICAL CHARACTERISTICS 

i CASE: Void-free, transfer-molded, thermosetting plastic 

I H'jIGH All external surfaces are corros'on resistant. Leads are readi'v solderable 

POLARITY: C.-ithooe indicated by coloi band. When operated in zener mode, cathode 
will be positive w:tn respect to anode. 

COUNTING POSITION. Any 

WEIGHT: 0.7 gram (appro.) 



/5M3.3ZS10t 
I 1N5'i33A t 

\ V 



hfd 5M200ZS10 i 
thru 1N5388A , 

3.3/.S5 thru 5M200ZS5 \ 
N5333B thru 1N53E38 J 



5.0 WATT 
ZENER REGULATOR DIODES 

3.3 - 200 VOLTS 




FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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1N5338-B, 1N5339-B, 1N53U8-B, 1N53^9-B cont'd 



ELECTRICAL CI-I.'VR '.CTE^iSTlCS 




NOTE 1 - TOLERANCE AND VOLTAGE DESIGMATION 

TOLERANCE BESIG":at. \ - T he .EQEC lype njn.bars shown 
indicate a loler.-rice o: i20 : , with g.:a „meed imiisw or. y V 2 . is> 
>r. and V,- ai sVjao in the e'..ct, -cji characterise- < ,ib» Units' 
wtM ^.->ra-iw;d ™ni an all , M r «ra-nei e rs are ,->a,catc-d by 
sut'i. "A" for iiO«; lo.e'.naijr.i .„.;,,, - 8 - , or ±5 0Cj ,, n , t . 

NOTE 2 - SPECIALS A \. 4ILASLE INCLUDE: 

(A: NOMMAl ZENE-t VCLTa;es BETWEEN Thi '.j l t. 
AGES EHO'.'/N AMO ' GHTiiR VOL1M3H TOLE". VMOES 
To cesrna, j ur.:: V m,i, :?ner Jonahs cf'di :hcn :- ( cs" 
assigned JEOEC -.r-b.r. ..n:jr „. r ; vc |,, r , e tolerant 
I.L3?..i2t r_lV. theMto. tyoenun-c-rsnouldbeused 
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Nominai 
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Descnpnori 1 


1 


Vo'tage 


I 




1 




1±W 




Mjnufac 


turer 


Zener 


"burmetic" 












D.vde 










£ 


xjnijte 




5M90ZS3 










;3> Mt 


OCHfcO 


SE 


TS 'Stdno'ard Tolerances 


drp 


±5.0%. ±2.0*,. 


I! 


of. 

















Ztr.-roioiK-scsn taob'ainMf in a-.s consisting of two or n-cr- 
m*v:hed devices. Tne r-.cihod tor specifying sjch malcnej 
sets is similar to the one described in (A) for specifying unit? 
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1N5333-B, 1N5339-B, 1N53U8-B, 1N53^9-B cont'd 



with a special vol tag? and'o' tolerance exceDt that two extra 

si'f fills ps 3 r :t aJded -c t'.e .:cde number d?st-ribed 
These units are marked win code letters to identify the 
matched set: 3nd in addition, each unit in a set is ma-ked 
with; the same ssrial number, which is different for each set 
being ordared. 



jpvice 



5_1 
51 Volts 



Description ; (each device! j "Surmetic 

Manufacturer Zener 

"Cods: Diodes 

B - Two devices in series 

C - Three devices m sense; 

D — Four devices >i- series 

Example: EV.51ZS5B1 



Tolerance 
per device i*5% 
lom:i for r20% uni 



B 1_ 

I Overall 
l Tolerance 
! of set 

, ! '*™ 

tsP — Code* 
(A-Not u«d! 



IS'ancard Tolerance ±10*? 



i.1 i = . 



(C» zei^er ci infers 

So^ci^ clippc: 1 oijd'-is v '.r opposing Zener junctions buik 
irro ti-.e i2«vi;c d'p available ny us^ng the fo'icwing nomen- 
ct'l'jre: 
5 \ 2'j, 7 Z 10 

t- -T- -T-- T T T 

I Tolerance for e?ch of 

i Clipper the two Zener voltages 

Zen«r -not a matching req>nre- 

Diodos mcnt! 



D?«ice j Nominal 

0<KL,-ipnc*n , Voitage 

M;;r_fxturer 



Exr-v/r. 5M20ZZ10 

NQTS 3 ~ZEN£R VOLTAGE <V z\ AND IMPEDANCE 
{ZtT*2iK> 



"fet't : cnd.tion'-" fu r 



2«?ner vc,lt?rt<? and impedance ar 1 :- as 'clows: 

l 1 . .'i» prior 'c r'-a^mg Mour.tir.g conracir 3*? 



located 3.'6" to 1-2 ' *r'om the inside edge of mooit-ng dtps to 
tne body of tht diade Hi. 



i A = ?t°c;|°c» 



NOTE 4 - SURGE CURRENT d r , 



Surge current is s;<ec -iud as the r.axrnum allowable oea«. non- 
recurrent SQuare-w^e current w.th a pj.se width.PW. ot 3 3 ms. 
T'e data g.ven i r . c ig'--e b mas l>€ usc-d to find (he "-ijniuin 
surge current for a square wave of any Dulse width berwean 1.0 
ms and 1000 ms fc y piottmg tie applicable points on logarithmic 
paper, examples of this, using the 3.3 V and 200 V reners, are 
shown in Figure 7, Mounting contact located as specified in 

Note 3. 



<T A 



= 25°C *5°C). 



NOTE 5 - VOLTAGE REGULATION </Vz) 

Test conditions for voltage recitation are as follows V? meas- 
urements are maae at 10S and then at 5'}'o of the lj ^a* value 
nsied m the rievtrcal characteristics tabu: T h-3 test curries are 
the sane for :ne S 1 . and 10°: tolerance uejioei. The test current 
time duration for each V^ measurement is 40 ± 10 ms. (T^ = 

25 C + 8 c*. Mounting contact located 3* specified m Mote 3. 
■2 



NOTE 6 - MAXIMUM REGULATOR CURRENT Ozm* 

The maximum Tyr-nT shown 1: bawc- on the ma*im jit. voltage 
of a 5'^ type uivt. ti erefore, it applies onh, to :he B ;uif.x 
device. The ac.-^i !^v ,3r jr1 V le^'Cfl may not riveted the 
<.-alue of r >.0 Witts jivdt-d "jy-thp actual V^ ot tne device. 



75 -J at 3,; 



'i3Mmum from the devt.^e body. 



TEMPERATURE COEFFICIENTS 



FIGURE 2 - TEMPERATURE COf.FFICIENT-R ANGE 
FCri UNITS 3 TO 10 VOLTS 



FIGURE 3 - TEMPERATURE COEFFICIENT-RANGE 
FOR UMTS 10 TO 220 VCLTS 





'i.O 4 1 SI 5.0 7 S.O 90 ! 

V£ ZSNEB V0Llipt».ZT IVLLTS) 

FIGURE 4 - TYPICAL THEHWAL RESPONSE 
L, LEAD LENGTH * 3/8 l.'.'CH 



il if K if fJ V."J 1?0 !'4Q 160 leu Ml) 220 
V:, :E«lf B VOL'.V'.E -' :ir 'VOLTS! 





'•LtP'JllE -.Tjl ' -"'JL [ "y 
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1N5338-B, 1N5339-B, 1N53^8-B, 1K53^9-B cont'd 

FIGURE b - TYrlCAL THERMAL RESISTANCE 

_ ,c : , T , APPLICATION NOTE 

Since the actual voltage available from a given i-enur j-ocitt is 

^_^, temperature dependent, it Is r e :?a n ;o determine ijmu.'n temp- 

— . . . __.. _^^"T_ eraiure under ar.yset of ooeratng conditions, in order iocjlci'dte its 

^' j ^^^ Jt.i~e. 1 ne foiiowinc; procecuie is recommenced 

- _ | jS^~ '-"<> T S"'peiltur6. T^, should be .-etenn.n^d fror 

^|'°r— ; ~-~^Z- ,. — : , t l ,9 la p d .t a 

, r -—jsc.----. ^ ;V, J jt-i. JJ . *LA is 'he 'ead-to-ambient thermal r»oir.tai:e and Pp is the 

^ I \^s' j £H K Power dissipation. 

5 y^. ?fliv!A3-i.' -i Junction Temperature. T"j, may be found from; 

* r r "'"* i: r , ;:''''''"^ l! '" ; ""■""" Tj = T L+ iT JL 

" 2 o" ' i~f Tn „ " T Jl >* <he increase in |unction temperatuie abc-e the lead 

. , ... .'„ temperature and may be found from c.gure 4 r Jr a IraM of 

.. U-G . E..GTH Til HEAT Si\K tINCBj povser pu'ses or from Figure 5 for dc power. 

riGi:R€K- MAXIMUM NON REPETITIVE S'JRGE " TjL = ° JL P ° 

CJHRLNT versus NOMINAL ZENtR VOLTAGE F °' worst-case design, using expected limns cf l z . limits of P D 

"* '" " L S ' and the extremes of TjlTjl may.teestima:ed. Changes in voltage, 

a °f F~ T r 7 "T r- — --T- — - -r-r— ■ ■ V^, can then be found from 

< ,tl k?»<^--v r "^^^™-^^^i ■ -L- ■/_ -^lt-— - ^VZ- ,h ezener voltage temperature coefficient, is found from 

["-- X.-X -^^<.: ^"~-^- / ~ : -~~_ _ — ----i-- ~~ Figures 2 and 3. 

^ < h-H — ■ — — 1 — X^JN^ — Z^ii^^^ rS^>. Under high oower-pulse operation, the zenervoUage will vary with 

I ! ; ->»»£— -^sx^*. - ^">-^__ - ; time and mav aiso be a-tected significantly by tr-i> zener rciistan e. 

is I t£-~_rr-_-. j: 1 ;_— ~--iyr _-_r>^/ r^>«.,- - ; - ■ r^>, For Dest regulation, keep current excursions as ow as possible 

.i I — 4—.1-" '-^-- '■--"---— ~ -"l^'-'"^ ^ifS^ _ Jl^"*" - ° a,a °' F ' 9ure "should not be used to compute surge cicauiMy. 

0.j I L_.._. ..; i — i~" -—-+-!.' -J^i-v. Sur9e l " v " ta, '° n5 3 '" 9 lven ,n Figure 6. Th-iy are lower tr.jo ...ouid 

I "i— f — -j-;-n i — t— I— ^-~PW t'oTj^s-— _S» X e ^ Dec:ea b V considering only junction temperature, as current 

'•"' i '■ ' ■ ! ' . . 1 ; crowding erficts cause temperatures to be extremely high ,n small 

3? Ja *■" S= 13 20 30 ag 63 so IDC iCO '" Qts res,jl!!n 9 ,n aev,c e degradation should the limits of F.rurg o 

nuwinal y z iv, ' ««ceedcd 

FIGURE 7 - PEAK SURGE CURRENT 
versus PULSE WIDTH 

'So. Note 4 1 

I r " Pi.JTTtD' fFJV INK q\! ■.;;;;■; ■■■■- ■ .-^c-^1^- . 1 

C - 2 [ C-IV C .M!«F:CJ.!L'! — - 1 -"^»v^-^_J 

1.0 ' r, ~ a ~-^ a 
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D.2 TRANSISTORS 

; 

i MPS6521 MPS6523 

V CB0 min kOV 25V 

V CE0 min 25V 25V 



v EBO min 



UV hV 



I CB0 max 50nA 50nA 

@ V CB 30V ~ 20V 

h FE min 150 300 150 300 

max 600 600 

@-I c 0.1mA 2mA 0.1mA 2mA 

& V CE 10V 10V 10V 10V 

V CE (sat)max 0.5V 0.5V 

& V BE min 
max 
% I c 50mA 50mA 

C ob 3.5PF ^ 

NF . max 3dB 3dB 
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TIP36A 



F03 PCWER-AMPLIFIER AfcB lilGK-SFL'ED-SVVITCHlUG APiUCATIOHS 
DESIGNED FOR COMPLtiVIMfAHY USE V ITH TIP3S, TIP3SA 

• 90 Waits at 25°C Ccs Tpnperature 

• 25 A Rated CoSbctur Current 

• Min f r of 3 HHi at 10 V, 1 A 



mechanical data 



TnE COLLECTOR IS IN ElECTSICAl CONTACT v,lTi ThE MOUNTING IAB 



:<»C( -"* "J-i &-<-. 



IB 




Of MACS XU * 
Of *AV 




113 VO 'N M'H MTAl 






■■■-if- -4jt 

"■■=* elT ■-»'-'' I 



•U BiWO«*« Ul s *.C-f 



n 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

T!P36 T1P36A 

Collector-Base Voltage --40 V -40 V 

Collector-Emitter Voltage (See Ncte 1) -40 V -60 V 

Emitter-Base Voltage -i -5V >- 

Continuous Collector Current -< —25 A ^« 

Cantinuous Base Current -< -5 A >- 

Safe Operating Reckon a; 'or below) 25°C Cass Ten-Lerature See Figure 2 

Continuous Device Dissipation at (or beiow) 25°C Caie Temperature (See Note 2) •< 90 W >- 

Continuous Device Dissipa'ijr. at (or below) 25°C Frse-Air Temperature (See Note 3) -< 3.5 W y 

Operating Collector Junction Temperature Range : -65°Clol59°C 

Storage Temperoture Range -65°C to 150 C 

Lead Temperature '.'• Inch from Case for 10 Seconds -< 260°C •> 

NOTES- t. Thin u!*»i o^p'r **i-i ^« besi wn.tlir biodi 'i op-n-orcuilti. 

J. Cf^li hpfcitr to tSC°C ca^i HTpvcryri ot I'll ro:i of 3 72 W/oeti. 
3. Sir,. II ll-wrl. lo ISO'C till-alr tiri».-jl-.-i al Ihi ra!l ot 21 irW'ilis. 
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TIP3^A cont'd 



electrical characteristics at 25°C case temperature 





PARAMETER 


TEST CONDITIONS 


T!P36 
m:n MAX 


TIP36A^ 
MIN MAX 


1 
UNIT 


» WiCKJ 


CdU.tjr-tmitter Bfeokoovsn Voitage 
Collector Cjtoff Current 


l c — —200 mA,l, = 0, Set Note 4 


-10 




-60 




V 


•ceo 


Vce = -30V, 1,-0 




-> 




-1 


mA 


l«s 


Collector C'jtcf.' Current 
[initter CuWf Current 


V« = -40 V, V K == 




-0.7 






rr.A 


v ct = -to V, V« = 








-0.7 


*E»C 


Vei = -5 i, ! c = 




-1 




-1 


mA 


h« 


S»at ; : Fornc'4 iu;rent 
Trcrufer Sctio 


Vet - -< V, l c = -5 A, Sfi. Nciej 4 or.d 5 
V cf = -4 >. lc = -15 ', Se" Sires 4 end 5 


20 
13 


100 


20 
10 


10O 




Vcr = -4 V, U " -25 I, Set «i»i 4 end 5 


5 




5 




v« 


EiiSe-fmitur ».?l!age 


V'ct = -4 V. lc = -15 A, Sec Notjs 4 and 5 




-2 




-2 


y 


V ct =• -< V, l c = -25 A. S»t Holes 4 0: <i 5 




-4 


-4 


V CE(>.») 


Cclleclor-tmitle- Saturation Vcltcge 


1, =---1.5 A, l c = -15 A, Seo Koies 4 and 5 




-1.8 


-1.8 


V 


1, = -5 A, lc = -25 A, See Notes 4 and 5 




-4 


-4 


h„ 


Small-Signal Coi.imon-Fmitfpr 
Forward Ojrren' Trcnsttr Patio 
Smnll-Sijr.s; Common -Emitter 
Forwo'd Current Transfer Rcrio 


V CE = -10 V, lc = -1 A, f = 1 kHz 


25 


25 




ih,.; 


V CE = -10 V, l c = -1 A, f = 1 KHz 


3 


3 





NOTES: 4 Ihele norcT'en mult be rrecivrfd mrg pul;e l«tir-:quei. t S 300 m. duty cyde < 27.. 

Put): y»?lh must bf iuth lt"jl ha'v^g cr tfsvb'ir.g rfoet not fatie a t^ior,oe qreo'er than the 'touired accuracy ol ttit mtaiurmtn). 
5 Trim parameters dtp meatucec! with vcltc^^ lensing carlacti separate ftam the cvrrent-cartyina. contact!. 



thermal characteristics 



PARAMETER 



6j., 



J'.'xtion-to-Cose Ths-trul Res.stante 



trx'ior.-to-F.ee-Air Ihe'mcl Resistance 



MAX 



UNIT 



1.39 



j 35. 7 



ieg/W 



switching characteristics ot 25°C case temperature 



r 



PARAMITER_ 

I'jfn-On Tine 
Turn-O'f Fixe 



TEST CONDITIONS! 



= -5 A, 

,i =-- S V, 



tin! = -JOOni 



I,.:. = :00 ;nA, 



_TY?_ 
45 



UNIT 



_Je^FgueJ j_ pj£ ! 



TValtajt and cvnct »o'<*f cr.c»i ci -nmiral; e«ct tallies yory Tl**jh *I w wirt ttocisrtfif pofcnefin. 
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TIP36A cont'd 



PARAMETER MEASUREMENT INFORMATION 



INPUT O- 




£-UL 



■O OUTPUT 



TEST CIRCUIT 



2.3 V .y ^ s— 

.30 V— K^ /** 

> u 

on P* 

7 



: . « ! . , 

-*1 r on f*- jw f*- off 



10% - a 

VOLTAGE WAVEFORMS 

FIGURE 1 

NOTES: a. Tht input *j**tc:^ ii lurplitrf by a ge.it^tor with the I.-, 'owng ch -octerisici- \ r < )i ni, t, <- IJ-iu. J w , = SO O, f = IC /«, dotj cycte < 7%. 

k WoT.'loirrj art rt.orJoitd on on eicii'iKon* «iifh the follow nj inor^tehittti t < 15 ni, I, > 10 UO, C < II. S pF. 

t. IwiUo.t iTutt b# nw.injutti*! Itrpet. 

tf Tht t-r pmt! tgpplies may rtquirt oddiJis.-.ni uyoussing in nicer ts nvi.iinii-i "igTt^. 

M£.X«>W»«VJ SAFE CFLRATIMG RtCiON 




-2 -4 -7 .'0 -20 -JO -70-100 

V CE — CbllecTOf-C-ii'fe- Voltage — V 
FIGURE i 
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TIP36A cont'd 



100 

90 
30 
70 
60 
50 
40 
30 
20 
10 



TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 

VJ 

COLLECTOR CURRENT 





i!! 


1 Ml 


!!!! 1 

-4V 






; i 
'1 


See N 


25"C 


""" 1 1 

J! !l 


| 


! 




""«>^.i 


^'| 










1 ' ' ; t S S. 

I-' ^S 


! 








; !l N 


1 H 




1 


"'1 ! V 


li 


i 


~ T S 


i i 


^Tri! 
















i i 









-0.2 -0.4 



-7 -10 -20 



l c — Collector Current — A 
FIGURE 3 



BASE-EMITTER VOLTAGE 

VS 

COLLECTOR CURRENT 



-2.0 

-1.3 
-1.6 
-1.4 
-1.2 
-1.0 
-0.3 
-0.6 
-0.4 
-0.2 




-0.2 



T' 


E 




-4 


• 


r 


-n 








i > 
i 










See Mcre^ 4 ir 
J .1 i ! i 


•i 5 










j 






— 










, i 










i 


i 


j 


i 
1 






! 




,. 


i 
i 




i 


/ ■ l 


1 
i 




i i| 

4- ' ' 






i 
i 


i 




i/ ' ! 
r i i 








1 


1 1 




i 




1 i 

| ! 


1 




Jji— — 




'illiii 


i i 




1 


! 


|j 




1 !l" 


















1 




'" 1 1 ' 

M 


I; 


i 

i 


i 


i 
i 










11 i i I i ill 
i ! 1 1 Mil 


1 


i 



-0.4 -1 -2 -4 -7 -10 

l c — Collector Current — A 
FIGURE 4 



COLLECTOR-EMITTER SATURATION VOLTAGE 

VS 

COLLECTOR CURRENT 

TTTTTT 




Collector Current — A 
FIGURE i 



-40 



Pul.t w.jtn n mi! be j-th ifaa> hou.nq or dotuVKw oo« r»i cru^ a (Core,- s<*ie**t the: 1H 'wjiiH oaom.-f si tpc <r*Qwreffl«il 
5. Thwt pergmaUn an mjQtuiid with rtltoge-stntirg tofirotis ta,-*fC*l tro*n l^s (itrtti^ catry'iT.^ ;miccli. 
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2N2369A 



DESK-MID FCR VERY-KtSH-SPLSO VMTCHIKG APPLICATIONS 



•mechanical data 



! 



:^J ,', iKTCI II "N ttKTItUl 

lOUll: , »MN iHE USE 



*(0 sous »si *rruc*ii£ 



n 



•absolute maximum ratings at 25°C free-air temperature (unless cth;rwisc noted) 

40 v 

Co'lector-Bd^e vcliege 40 y 

Collector-Emitter Vcltcge See Not* 1) ,_ 

................ ^ ^ ^ 

200 ma 

. . 500 ma 



Ccl!ector-Efi»;i1er Vo'tTge ;See No.'e 2) 
Smitter-Base Vot'aje .... 
CorVMuous Co'lr-cto; Current 
Peon Collector Cj.-'^'H (S-.'e Note 3 

i (oi fculiw. 'V'C Fete A > Temperature (See Note 4) . . . ■ u.Jo 
io'C Crjs< Tir-.pe-atws (See Nate 5) 1-2 



Continuous Device Di- >ir:atior. ot I 
Contiguous Device Diss poncn ai lor b--lu 



Contincous 0cw.ee Oi.i.pot.on ot 10CC Co-e Tcrpcrat.ire ... 

Operotng Collector Ju--c*icn Tempe cture 

Storage T.impc rature ftcng* ...-■■ ■ 

Lead Tempero'ure '.* Inch t'em Cnve for 60 Second; . 

•electrical cWacf?rijtics at }.' C C free-air tetnpero-ur^rieis ot her-vis? re '"^ 

t c ;. j 5.<'',f;C*lS ~ ,'1,U 



. . . 0.68 w 

. . . 200°C 

65°C to SCO-C 

. . 300°C 



p^SAi^rtH. 



I (:» ; r,B Co'le.l-' '•>::■'- Si; 0K»«<n VoDojr _ 

[V..CK Ctl.fli.-or !ri"«r Srt-kdc»n v:.-oc,«_ 

I W.cti (r.'>i':t (m-'ttr .-:«•►. owr j c 'Jj-3£_ 

V w1 ^,t En- >f i-;,' 6 eckc^*ii tcitcqe 



« 



'.« Hj:< t 



IS 



4.5 



loo 



Co f'-'y ci'"! 1 (u'nr.t 
{■:;,*"(■ i '■'■' '' '.ufeit 
6cs' CV'enl 



Stern Forwe ft (u.rertt 
frontier ilohu 



ISO'C 



v ci - :o». ■« 



C4 



_£SL 



M° 



-0 4 



^a 



Ji7~ I'"" 
V :i 4 < 



iCt-.i, Ste ":o'e b ! ;l . 

li"mr,. Se.'Nvei I 



WO 



V C( -. C.35 , 



3C.r:, Sif^s: 
l5j7rj"Se>'ic-;l 



Bcne-Emifttr Voltage 



t. ■ J ma, 



'0 -a 



? C 3'. 



'. ~ I'.'" ir L c_- '.!ir i U i v j 

"!, - ! k.' I.- : 'Orr'j. !,. - WI'C l~"lH _J_ -- 



'cii..'i Collfdoi-Enit'e.' 
SofurolioT »oltoa* 



I,-- l*.- 

1 t, -- 13 fT13. 

I U i ma, 



if ;no i ^ - 
"TJrfTc" 



-is°: 



~T 



l c --- 10 ma, T A - !25'C 



jh.,j S-Toli-Sgnoi C'jTfrorS-nitrp,- 
Firward C'Jito.V Trr'-.lt.- 5jlu 



id -- '0 V. 



■20 ma, f -- 100 «t 



rc 



Co^rr.or.-Bose Cper.-LiNuit 
j'put (aomt'tinit 



V c . ^S». Is 



o:s 



0.3 



-H 



•it .^<t 

'C *e ;« 



1 'hit *a!v* ifpl-n l«< P« 5. : 



* Df.ait m«ii.| '• ?DQ' , C i'.i otr *i«tpi-«>iti* u* thi ■<• •♦ I 0* m»/f * 

5 Of '.lit hsM'i. U *P''°C i«*« i»f :,vaib-t 31 (»■* tott •' i IS «■/(• 

i '-.»•* -a<o"«t«>i "!■!' ti rt»'t»iu*»* uii-ia ouii. '«hf.,».*t. fW _ 300 «i»i. 
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2N2369A cont'd 

"switching characteristic* at IS'C *ree-air temperature 



PARAMETER 



Turn-On lime 



"T 



»'l "II Tir 



t, Fernet Timt 



TEST CONOIMONSt 



l c = '0 mo. I kl , - 3 mo. 

Vb.s". - -I S», l L := ISO.'!. 



•m! - -'5 mo, 
S"e Figure 1 



I*:. -10 mo, I,, - — to mo. See Figure 2 



tCH'sft %ni (u'rtnr «o!vti it>e»n art nartn 



al»« tart ihgMI, »,|h tiomn'e, » u i a 



♦PARAMETER MEASUREMENT INFORMATION 



3.3 kO 
INPUT ©-» wv «- 



220 0.1 uf 

-AM • [(■ — fo> OUTPUT 



J- 



.3.3kO 
2200, 



• 50 n 



50 O 



2300 of 



C .01)5 ci ■ C.0C5 uf ' 



MAX I UNI', 



12 I H!M 



II ns« 



I " 



INPUT 



10% 



OUTPUT 



TURN -ON 



V t 



^-*- 



*4 

6 TO 



iV„- -3vbt„, -12 vfort.,, 



P- 

-♦ 



-15 v 1\_ 



I 
I 
_J S I 



10<?c 



OUTPUT 



TEST CIRCUIT 

FIGURE I TUKN-CN AND TURN-OFF TIMES 



1-i.H-J 
TUUN-OFF 
VOLTAGE WAVEFORMS 



890 0.1 ,jf 

1 ;jf -"A" -^ .^ fJL^s^-Q OUTPUT 

INPUT <oVf-Jt 4 W\-fH ^ ' 1 kO T 

< 9i n 



©- 



500 



:*> 



T /- 230 of I ;3Q0 p f % ^ 

I 10 „f 10 H f I 

„1U 4 + 

-J J. -t 



10v 



TEST CIRCUIT 



FIGU3E 2 — iTORAGt TIME 



-10 
•6 v 



Zl 



< IV 



POINT "A" 



OUTPUT 



Ut,— j 
VOLTAGE WAVEFORM5 



K0IES o. it. i«!.„ .onfmn .,• wolitd b r pulie jtnenl.r with 111, Mi,.,.,, tho-umiilicj: !„„, = SC 2. I, < 1 „,«, PW > JM ni „. &„;, f„. ; , <; j,; 
!•- Outpt,' *flwefir-n» eie ma-rote; on on e«,llo*rape w ih 'h- teliow^g charae ter-ilict: i r -^ ] n i((j / -_ jj jj 



'lAtiicotli JFtFC t»J »lert3 dal] 
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2N5121 
CASE 



TO-106 



V, 



CBO 



mm 



15V 



Vceo min 



12V 



V 



EBO 



mm 



3V 



I CBO max 






50nA 


« V CB 






10V 


hjpg min 




20 


35 


max 






350 


@ I C 




10mA 


50mA 


& v CE 




10V 


10V 


VQg(sat )min 






0.25V 


& V BE (sat] 


)min 








max 




1.1V 


@ I C 






150mA 



"Ob 



max 



lOpF 



mm 
max 



200MHz 
800MHz 
50mA 
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f 



.2 TRANSISTORS 



2NUH00 



NPN SILICON ANNULAR TRANSISTORS 

. . . designed for rjenen! purpose swtchmq and amplifier applications 
and for co.nplerr-jntdry circuitry with types 2PJ44C2 and 2^4403. 

• Coitector-Fmittrt ?^j.ikdo\."i Voltage - 

BvcEO = *0 V-'j ■Win) ? Ic " 10 mAdc 

• Cur'cnt Gam t'pecited f-cm 0.1 mAcic to 500 mAdc ■ 

• Con.p'otfc C'.vittninr, a^'J Amplifier Specifications 

• Ccllr'Ctor-B. 5 -^ Capoc:t.- ; nce -- 

C co " 6-5 pF- I.V..0 @ V;e " ">.0 Vdc 



•■MAXIMUM RATINGS 


■* 


Rating 


Symbol Value 


U.ut 


CoH.»cfcr ■Fmi'ne' \Zq!;%;j<.> 


v wo i 40 


V.!c 


Coti^c>cf-B.'.i<* Vo iaqe 


v ca 


60 ] VI: 


E.Tiirter-B?'^ Vc.It n« 


V E3 


6 G i Vnc 


Coliecto' C-j-'e'ir - C.-'^iiious 


'c 


600 | mAric 


Tot2i Powc O'.vcjr.onQ: 7 A - 2b J C 

Dt^3te «>>.).-. J^C 


"0 


360 j nv.V 
2 8 1 m*°C 


Total Fo*ei Oisi.p joo.t ._- T c = 25°C 
Derate a*>jve 25 Q C 


"D 


l 
30 


Watt 
mVV'°C 


Opera^nq snn 1 tora?* Junction 
Temper3 f ure Rana*? 


'''j.Vit 6 j -" to ''50 

I 


°C 


THERMAL CHARACTERISTICS 


Chd'actj'.itic 


Symbol 1 Mix 


Unit 


Thermal ^es^ranci*. J^nctic- to Aric:»nt 


R fJ.4 


35 7 


=c ■■•>■ 


Therrr.a! Resistance, Junction to Case 


B 9JC 


125 


°cw 


"indicates JEDEC Registered Data 



NPN SILICON 

SWITCHING AND AMPLIFIER 

TRANSISTORS 



/// 

7/ 



-4J 

,A7iNr » T - - F 

"-*'•' i — r „ 



lilL_! 



]t;iM i'"Vi'-""T~». .-. x *' 1 "i'Sir3' AX 



CASE 29 
TOM 
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2NM.00 cont'd 

' E^ECTSICAL CHARACTERISTICS 



J C -jnii'^s otnervMsp notea) 



Oij'Kltnific 



Symbol 



*>r 



O'f ^AP,\CTES!S"TICS 



Mu 



CN CnsmCTCftlSTICS 



Unh 



j C oU#:tc.r-Eau!ier Br.afcjtVjwn VtiUfe^j 
i^ '. mAcc. lg : Oj 


■ v cro 


40 




V* 




■ V CBO ] 


_ 


Vdc 


j Lit ir.*r-Bjit Preitdown Voltajr 
i ur = 0.1 :r.Adc lc = 0* 


BV E&0 


f C 




Vdc 


j CaLrctor Cutoff Current 

1 '-ct : 35 Sir. V FBifjif . , 0.4 Vlc» 


Vl,' 


_ 


0.1 


iiAdc 


1 b*»« Cjlcff C -Trent 

1 ''V'Ci. - 3J v-c. V EP(o(f} = 0.4 Vdc* 


1 - 


0.1 


UAdc 



LC Current C**in 
[1^ - 1 mAdc, Vfg * 1 Vaci 2N4401 

:i^ * '. mAdc. V CE . 1 VJc* 2N4400 

zrtvj) 

(!<- ■ 10 mAdc. v CF . 1 Vdc) 2N44O0 

2N44G1 
Up ■ 150 mAdc, V CE . 1 VJc; 2N440O 

:n««oi 

'V ■ 500 mAdc. V c£ - 2ve>c) 2N4400 

2S«*>: 


'Ft 


20 

20 
40 

40 
•0 

so 

100 

20 

<0 


150 
JOO 




Cjlie^tos-.Fmr.lei Sat or it: or, V'ciUr* 
If- ■ !50 tr.*cc :- - 15 tn*dc; 
(U " 500 oi»dr. 1,. - 50 mAdc) 


V Ct.«l; | 


HI 
0.75 


Vdc 


fiwe-Fmlr.tr !,itui.C:»- Voltage 
;!<- - -50 mAdc. l fi 15 mAdc) 

[I,. - 500 -riAdc. 1 E = 50 niAif • 


VBt, " ,t 0.75 


OH 
1.2 


Vdc 



SVAlL SIGNAL CHARACTrPIST.CS 












, Cwicn-uvn — BaiCviJih Product 

| [l c ' 20 bxACc. V CF • 10 VJc. t ■= IOC Hhtl 


ZN440C 

2>440i 


't 


20C 

i5C 


~ 


MBl 


' ■^',, : . i "•■■ -■ V.!.'. ] } - U, ! = iCO kHz) 


tcb 





(:» 


P* 


1 Ern-Usr-b**,- ( Sfwcltancf 

I V. -■ it ;. \„ . i r =-,. [ in,..*.!-,;,) 


c rt> 


~ 


50 


P r 


j at-p^'. lT4,eoan:c 

1 il^ ' 1 twlc. v C£ * K Vac. 1 . 1 IHt) 


2M*403 
2N44C: 


'lc 


C.5 
.0 


7.5 
11 


kOtlTUJ 


> Volttit r***ft*cJt Ratio 


r >. 


0.1 


« o 


X10"* 


j :t c - ; mAat, V c ~ ■ 10 V4e. t - 1 We. 

k— — ... .. 


2X4*00 
2N4401 


»,. 


20 

40 


2M 

5U0 


" 


j m: ■ i ii.»kjc. » E ■- io vdc. f - i-kint 




"o. 


1 " 

.J 


5C 


poaJkx 



EV.ITC -!!VG C^ARACiElilJTiri 



^CC ' 3\. ^cr. le ' 150 aiA^l 



i*. Outj Cjcle '. 2.C - 



*U-i cato^ Jt;>„c F;2is 



SWrTCHINQ TIME EQUIVALENT TEST CIRCUITS 

FIC'JUC i - T-JM OK TMt rsuK 2 - ntMIF TWf 



-*- 1 r»- i&ti ix ^ flj>cn;u - 



"" /n 



?\ 



'vW- 



J... 



-0 4: 



j J 



-»». «_ ifl»i.» M . ttJTrt*CU-2\ 




-»-| |^- c ttm 



— \W ^~ 



ten* "• b»-t ■■ * n 



<3 4= 



iv < ml 
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2NU+00 cont'd 



TRANSIENT CHARACTERISTICS 



tf\r\r 



I «h+ 



neu* E 3 - CAPACITANCES 

I i ii j Hi I r ' ! ! ' i 'ri — r -1 " ■ i i 



25'C 100-C 






I ' 'i 



hin i 



H4i 



ML 



n 



—i - ' r * " t 

Ml ? 

lj M 



s t~r ,_ r ' 71 r ■ ^-■"Nri-t-T «rr -^t - 









crp 



i_lLi 



h 



44U4j4fO-444J 



J L 
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SMALL-SIGNAL CHARACTERISTICS 

K3ISE riCUK 
VcE- ,n - Vdc.T A - 25°C 
F«.J«9- FREGUEKCYEFFECTS B.^*. ,. 0M , F.6URE 10- SOURCE RES.STANCt EFFECTS 
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50k 100k 
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ana < lo» gain unit an selected trpm birth ••» 
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STATIC CHARACTERISTICS 
R6U1IE 15 - SC CUftS^KT S.«:« 




0.2 0.3 0.5 07 1.0 



2.0 3.0 50 7.0 10 20 30 SO 70 100 

ic.cau£CT0(ic'jRRWTiii*: 



200 300 sac 



0.01 0.02 0.03 0.05 



C.07 01 0.2 0.3 0.5 7 1.0 

ittwECuttwrwu 



2.0 1.0 5.0 7.0 10 























FIGURE 16- 


COLLECTOR SATUSATifill REGION 
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NPN FHOTOTRANSISTOR AND PN INFRARED 




EMITTING DIODt 




. . G3>!'um Arse.vcte LCD c.i.*i:..a ; tv cr.up'id to b Si neon Photo 




Darl n-jTO'- Tr?nsis:or d^s gneo +or applications requiring eiecuica' 




isolation, hi g:i- c.i. ' ent transfer ra'.ios. sn-.all LaCkaae Fi/e aid iow 




cost; such ?s iriTeriotiHc and coup' ny systems pneit and feedback 




contipls, solid -stale relay* and yer era 1 purpose switching circuits. 




• Htah fsnlBMo*' VoWtat — • Exce'ent Fresv-eicy Fiesponse — 




V.vO^SlDVILn -4^9.32 30kHz(Typl 




ibOO V (M m - <N30.31.33 




• Hijh Ci'Mpcto' Output Current • Fast Switching Time* @ Iq = &0 mA 




ft- lp 10 mA - t on = 6m» (Typl 




.,, = &0.nA!M.n. ■ 4N32 33 i„ ff = 17 M . (Typl - 4N29.30.31 
10 m A <M,-r - 4N29.30 45 MS (T , _ 4N32 33 

5.0 mA :M,nt - 4N31 




■ Economical, ^tmioaci. Duai-in-Une Pa^kagr 



MAXIMUM" RATINGS : 



\UV RARED fiMITTir. j OIC.Dt MAKiMUM RATINGS 



] Symbol j Vllut |~ 
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Arr -^ 


T ,t<h Pov.e. rj-s'.ip.ititn y< T A = *'i"C 
Negligible r'ovwC;' <r lians.stof 

Dera»e ;-jo« ?C°C 


'D 


1GJ 

.'0 


nW' c C 



rHOTOIR.-N'i.SrOK MAXIMU:.' RATINGS 
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LEO CHARACTERISTICS !T A = 25°c unless otherw.se need ) 



1 












a Characteristic 


Symbol 


IV in 


Typ 


Max 


Unit 


"Reverse Leakage Current 
'Vp. - 3.0 V. R L " 1 3 M ohms 


>R 


- 


005 


100 


».A 


•Forwaru Voltiqe 
(It * 50mAI 


Vp 


- 


1.2 


1.5 


Volts 


Capacitance 

IVpt » V. ( -- 1 MHjl 


C 


- 


150 


- 


pH 



P HOTOTRANSISTOR CHARACT E RISTICS iT fl ; 2S°C and i c = o unless o.he-w.se noted.) 

Characteristic 



*Colkctor-E miner Dark Cur'dnt 
iv CE * K) v . Base Open! 



'Collector-Base Breakdown v'citau. 
<•£_•" 100 u\, It - 0' 



'CaliectO'-Erriitter Breakdown i/oltacs 

(ic - loo ma, i 8 - c; 



•Emitter -Collector t?:e:ikao./n -/oltace 
{If - 100 M, lg - 3! 



DC Current Gain 

tV CE ■■ 5 V. I C • 500 mA) 



Symbol 



CEO 



BV CB0 



BV C EO 



BVgcO 



"F£ 



Typ 



5000 



COUPLED CHARACTERISTICS (T A ■ 25°C unless orherwis. noted.) 



Charict eristic 



'Collector Output Cur't-nt ( i ) 

(V CE =■ 10 V. If = 10 mA. I B -= 01 



4N32, 4N33 
4N29, 4.N30 
4N31 



"Isolation Vcltaqe (2) 



4N23. 4N32 
4N30. 4N31, 4N33 



Isolation Resistance (2) 

IV - 500 V! 



'Collector Emitter Sfttjntion Voltage 11) 
llr « 2.0 mA, Ip - 80 mA I 



" N31 v CE(Mt) 

4N29. 4N30. 4N32. 4N33 



Isolation Capacitance < 21 
<V = 0,i - 1.0 MH Z | 



Bandwidth 13) 

Of * 2 mA. R ,_ = 1 00 ohms, r igures S and 81 



50 
10 
50 



2500 
1500 



SWITCHING CHARACTERISTICS 'Figures 7 and 9). 141 



Typ 



-I 



1.2 
1 



Chms | 



Turn-On Time He " 50 mA. Ip ' 200 ma, Vrr - '0 V! 



Turn-Off Time (Ic = 50 mA. Ip - 200 mA, V cc = 10 V 1 4N29.30.31 



I 



17 
45 



•Indicates JEOEC Registered Data 

(!) Pulse Test: Pulse- Width - 300ms, Duty Cycle < 2.0% 

12) For this test LED p'"s 1 and 2 ire common ano Photo Transistor pins 4,5 and 6 are common. 

13) Ip »djusted to yield i c « 2 mA and i c » 2 mA p.p at 10 kHz. 

(4) tjandt, are myeriely proportional to the amplitude of lF:t s and tf are not significantly affected hy Ip. 

DC CURRENT TRANSFER CHARACTERISTICS 



40 

100 



FIGURE 2 - 4N29. 4N30. 4N31 



FIGURE 3- 4N32, 4N33 
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if Fj-o'.vaaD onoE cuhsest :m\, 
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TYPICAL ELECTRICAL CHARACTERISTICS 

(Pnr.te-i Circuit Board Mounting) 



FIGURE 4 - DIODE FORWARD CHARACTERISTIC 



FIGURE 5 - COLLECTOREMITTER CUTOFF CURRENT 



s~ vc r 



_ 0.5 




'F. INSTANTANEOUS FORWARD CURRENT lmA| 
FIGURE 6 - FREQUENCY RESPONSE 




20 3a 50 ?C 10 20 30 50 70 100 
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FIGURE 7 - SWITCHING TIMES 
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FIGURE 8 - FREQUENCY RESPONSE TEST CIRCUIT 
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FIGURE 3 - SWITCHING TIME TEST CIRCUIT 
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TYPICAL APPLICATIONS 
FIGURE 10 - VOLTAGE CONTROLLED TRIAC 



! I £io* 




FIGURE 11 -AC SOLID STATE RELAY 
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FIGURE 12 - OPTICALLY COUFLEC ONS SHOT 
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LM309K 



The LM309 is ■) c?i-iijletp 5V regulator fabricated 
on a single ;iiicon chip. It is designed tor !ccsi 
regulation or digital >ocic c.-.rds. eliminating the 
distribution proulirv.s -Jsioiiiated with single-point 
regulation. T h e dOMi'.i? r; available m two common 
transistcr pa<:';..'-i-?s In th- solid-kovar TO-5 
header it ca'i de!V; ajt^ut currents .n excess o' 
200 mA. if ad^udta nest sinking is provided. Witli 
the TO 3 oc.-.er pac^.-tje, the available output 
current is greater than 1A. 

The roui.'lator is essentially blowout proof 
Current limit. ■■« is Included to limit the paat 
uu.pi.t cuirent to a safe value. In addition, thermal 
snuidown is provitud to keen the IC from 
oveiheating. If internal dissipation becomes too 
great, the regulator wii! shut down to prevent 
excessive neating. 

Considerable effo-t w<-,s expended to make thj 
LWI309 easy to use and minimize the number or 
external components. It is not necessary to bypass 
the output, although this does improve transient 



schematic diagram 




4 — output 






response somewhat. Input bypassing is near-Hc, 
however, if the regulator is located very far Ki<~. 
the filter capacitor of the power supply. Stabl'i t -• 
is also achieved by methods that provide very qood 
rejection of load or line transients as are usually 
seen with TTL logic. 

Although designed primarily as a fixed-vol.aga 
regulator, the output of the LM309 can be se; to 
voltages above 5V. as shown below. It is 'iso 
possible to use the circuit as the contiol element in 
precision regulators, taking advantage of the c/iod 
current-handling capability and the thermal over- 
load protection. 

To summarize, outstanding features of the regula- 
tor are: 

■ Specified to be compatible, worst case, with 
TTL and OTL 

■ Output current in excess of 1 A 

■ Internal thermal overload protection 

■ No external components required 



typical application 

High Stability Regulator' 
ci 




connection diagrams 

TO-5 (HI 



TO-3 (K) 




Order NumSlr LM30SH 
Se* P&ckaije 9 




Orinr N ir-bor LM309K 
Sea Package 18 ' 
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LM309K cont'd 

absolute maximum ratings 

Inout Voltage 
Power Dissipation 
j Opsiating Ji.PCTion Temperature Range 
Stcrarjf Temper.-.t'jre Range 
Lead Temcetatura (Soldering, 10 seel 



35V 

Internally Limited 

rrcto i25 c c 

-65°Cto150°C 
300°C 



design characteristics (Notei; 





PARAMETER 


CONDITIONS 


MINI 


TYP 


MAX 


UNITS 




Output Voltage 


T, = 25" C 


4.8 


5.05 


5.2 


V 




Line Regulation 


T, = 25° C 














7V< V IN <25V 




4.0 


50 


mV 




Lr>3d Regulation 


T, - 25°C 












LM3G9H 


5mA< l OUT <0.5A 




20 


50 


mV 




LM303K 


5 mA< l OUT < i.5A 




50 


100 


mV 




Output Voltage 


7V < V, N < 25V 














5mA<l OUT <l max 
P< P 


4.75 




5.25 


V 




Quiescent Current 


7V< V| N <25V 




5.2 


10 


mA 




Quiescent Current Change 


7V< V, N <25V 
5mA<l OUT < l m „„ 






0.5 
0.8 


mA 
mA 




Output Noise Voltage 


T a - 25°C 
10Hz<f < 100 kHz 




40 




uV 




Long Term Stability 








20 


mV 




Thermal Resistance 














Junction to Case (Note 2) 














LM309H 






15 




°C/W 




LM309K 






3.0 




°c/w 



Not* 1: Unless otherwise specified, these speculations apply for 0°C <Tj < 125 3 C, Vim - *0V and 
'OUT a 0.1A for the LM309H or l CUT - 0.5A for the LM309K For the LM309H, \ rnax ■- O.^A and 
p max = 2.0W. For the L.M309K, ? max = 1.0A and P max = 20W. 

Note 2: Without a heat sink, the :ht?i-ma' resistance of the TO-5 package <s about 150°C/W, *h.le that 
of the TO-3 package is a^proxirr.dteiy 35"C 'W. With a heat sink, the effective thermal resistant can 
only approach the values specifier, deuerding an The efficiency of the smk. 



typical applications(con't) 

Fixed SV Regulator Adjustable Output Regulator 



L 



j 






Currbnt Regulator 



n- 
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LM309K cont'd 



typical performance characteristics 



Maximiun Average 
Power n'Sf.paTirn 




Maximum Average 
Power Dissipation 

£ f WAKEFIELD SEA ' 1 

~ r— S'«A 207 INFIN.TE HEAT 






IK MAT SINK 



1.1 L- 




Output Impedance 




SO ?! 100 175 150 

AMIItNT TEM»f ««TURt I Cl 



li 50 7i '00 US 150 

HMBIfNTTEWFEKATUREI Cl 



10 ICO 11 101 100k 1M 

tWAlKtl Wit 



Peik Ojtoui Current 



Peak Output Current 



Ripple Rejoctiin 



« 3 — r. 




5 10 15 21 25 30 15 

INPUIVIITAGt W 




— \ ?c 

— ->V,,, - 


1 T 






Jr. 

"~ 1, = 

--f — 

- i — 

3rr4 

:v 

3 /tip 


= 25 C 

125 C 


J. 




i 


A\ 


i 




T~ 


, 



S , 10 'S iC 2'i 3D 35 

input voitage on 



!0 i]0 III 10k 193k 1M 

FRtflljEfcCYiHi' 



Dropout VolUge 




D 25 SO 75 130 175 

JUNCTION TEMPERAT URE ( C) 



5S 


Dropout 


^harac 


eristic 




1 1 ' ' 

I I U l IA 

i 1 1 TO 3 


5 


! ! \ 












// 


(5 




1 T, 
1" 


125 j 


/ T, ' 25 C 






i 




10 


1 J/\ ! 




5 


6 ? 
INPUT VOLTAGE [VJ 


1 



Output 'Mortage 




2 r . 50 75 !CT 12S 

JUNCTION TEMPERATURE I C! 



Quiescent Current 



Quiescent Current 




Output Noise Voltage 



;S SO 75 TOO 125 

JUICriC". TEMPF RAT : jflE ! C) 




10 It 20 ?5 

iNf.'^V'lLfftCF :V1 



FREQUENCY (Nil 
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LNB^OJC 



ill ienuictor< 

or ages "na!.- 



genera! description 

I ''.he LM340-XX series at three fcrr>: 

I is available ivuh stvjnjl tix.^d o-jtiot • 

! ng rficm usr't. n-- <. v.'.d<: i'^-nt,^- o' 

' Oni of '| t .,e s l--.cc: in .v-.j .,-.. .Virion, o'.-v i...,t- 

point reyyMtmn. 1 ,-.c v = .tr, j-.-- .v.a'iah».j ^-(-j.\ these 
regulars ;o be uird m logic systems, instrumema 
fion, HiR ana other so'id stare- electronic equip- 
ment. Although designed primarily a; fixed voltage 
regulators these devices can be used With external 
components to obtain adjustable voltages and 
currents. 

The LM340-XX series -. available in two power 
packages Both the plastic i O-220 and metal TO-3 
packages allow, these regulators to deliver over 1.0A 
if adequate heat sink in.;; , b provided. Even with 
over 1 OA of output current available the 'egulators 
are essentially hiovv-out proof. Current limiting is 
included to limit the puaK output current to a 
safe value. Sa'e ?'ea protection for the output 
transistor is pv;,:d*J to limit ntjrnal power dis- 
sipation. If internal power dissipation becomes too 
high for the heat sinking provided, the thermal 
shutdown circuit takes over preventing the IC 
from overheating. 



schematic and connection diagrams 




Ccrsirferable effort was expended to make the 
LM310-XX series of regulators easy to use and 
.ir.imi'e the number of externpl components I; 
'■ .-10' -ecessaiy to bypass the output, although 
this :ioer improve transient response. Input by 
passing is needed only if the regulator is located 
far from the filter capacitor of the power supply. 

features 

■ Output current in excess of 1A 

■ Internal thermal overload protection 

■ No external components required 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in plastic TO-220 and metal TO-3 
packages 



voltage range 



LM340-5 
LM 340-6 
LM340-8 
LM340 12 


5V 

6V 

8V 

12V 


LM340-15 
LM340-18 
■LM340 24 


15V 

18V 
24V 






TO-220 (Tl 


-0UTOUT 'l\ 



Order Numbers: 
LM340T 5 LM340T15 

LW340T-8 IM340T-18 

1.M340T.8 LM340T-24 

LMC4'!r-12 

So» Package 26 

TO-3 (Kl 




■ottcw 111* 
Order \umhei-i: 
LM34CKS LM34CK lb 

LM3«.0<B LM340K IB 

LM3-0K 3 IM340K 24 

LMZiOK n 
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D COMPONENT DESCRIPTIONS 
D.h VOLTAGE REGULATORS 

LM3J+OK cont'd 

abiiolute maximum ratings 



Input Voltage (V a - 5V through 18V) 

(V - ?4V) 
Internal Powei Dissipation (Note 1} 
Operaiiny Temperature Range 
Maximum Junction Temperature 

TO-3 Peckage 

TO 220 Package 
Storage Temperature Range 
Lead T ernperature 

TO 3 Package (Soldering. 10 seel 

10-220 Package (Soldering, 10 sec) 



3bV 

40V 

Internally Limited 

0°C to 70°C 

150°C 

150°C 

-65°Cto+150°C 

300°C 
230°C 



electrical characteristics 



LM340-5 (V 1N = 10V.! ol , T = 500 mA. 0°C < T fl < 70"C, unless otherwise specified) 



PARAMETER 


CONDITIONS 


MIN 


TVP 


MAX 


UNITS 


Output Vol l age 


T, - 2SC 


48 


6 


5.2 


V 


Line Regulation 


T," 2SC. 7V£ V, N <.25V 












l OUT - 100 mA 






50 


«iV 




l OOT ■ 500 mA 






100 


mV 


Lp.id Rtgulation 


V 25'C. 5mA$ I o0 t<; 1.5A 






100 


mV 


Output Voltage 


?V < V, N S 20V, 5 mA i > OJT -i 1 0A 


4.75 




5.25 


V 


O.U'i'»ceiit Current 


T, » 25"C 




7 


10 


mA 


Cuiescent Current Change 


7V s V, N < 25V 






13 


mA 




5mA<.l OUT -£1 5A 






.5 


mA 


Output Noise Voltaqe 


T A » 26'C. 10 Hj <; f <. 100 kH; 




40 




«V 


Long Term Stability 








20 


mV 1000 hr 


Ripple Rejection 


'out ' 20 mA, 1 • 120 Hr 




60 




rtB 


D'opout Voltage 


T," 25'C, i UUT - I.0A 




2 




V 



LM340-6 (V IN '11V, l 0UT ' 500 mA, C C < T A < 70°C. unless otherwise specified) 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output Voltage 


T, ' 25 C 


5 75 


6 


6.25 


V 


Line Regulation 


T, • 25°C,8V^V IN ^25V 












i 3u ,' 100 mA 






60 


mV 




o UT « 500 mA 






120 


mV 


l.'ju.-l ■»*>■!*■■(. 1 


!, ■ 25'C, 5mA<. 'oui <. ISA 






1J0 


mV 


0»ji Vji-jp-: 


BV<!V„ < <;2tV.5m£ ■ ' C1J7 S 10A 
P D S 15W 


6.7 




63 


V 


Cutt'E^eni vljr.en". 


T ' 25°C 




7 


10 


mA 


Qi.ife^'^i; C .. »e~' i?ri?'iqt 


av <: v,„ <. 25v 






1 3 


mA 




5-nA£l 0UT < 1.EA 






.5 


mA 


Ou'r-jt rJp,s- Vol-agt 


T» » 25 : C. 10 Hi ■£ f <. 100 k\\i 




45 




HW 


Leg Tern St 3t>t'U ^ 








21 


mV/IOOOhr 


Ripple RejeMion 


Iol^" 20 mA, f ' 120 Hz 




57 




UB 


Dropout Voltes 


T. ■ 25'C. Icut ' '.0A 




2 




V 



Km* 1: Tn:, r . 6 '--stance wti-o-jt a heat sink for _••«■ 
for ine TO-J/U v^.kagq. Thermal r?s trance tor case \ 
the TO-220 r^ckape. 



'.on n ■:;.;*• tr-.-'pF-'^tu'e is 4 n C/.V for the TO-3 
-ihitii tc-.rjici i-c ■i 3 r >"C '.V far The TQ-3 pack 



pacl-aye and ' 
age and 50*C 



i°C/W 
v; for 
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D COMPONENT DESCRIPTIONS 
jyjk VOLTAGE REGULATORS 



LM3^0K cont'd 

; electrical characteristics {con t) 

LM340-S (V, N = 14V, i OUT - 500 mA, O'C < T A < 7Q r C. -<ness otherwise specified) 



Output Vo'tdije 
Line R^cjuliT'Oii 

Load Rc^la'.iun 
Ovtp^l Vc.it ?ge 

Quteyr-oi ?u>r*T,i 

Output Noise Voltage 
Long T*f m Stability 
Ripple Rejection 
Dropout Voyage 







CONDITION.' 


r. 


25°C 






T 


:e"c. • 


5V £ V IN 


•£25V 


touT-i;-o 


;r.A 




'o 


IT ' W» 


mA 




T , 


- 2S V C. ^ 


m*< i, lu 


5- 1 -■ 


/j 


SV <■ V, 


< 73V. 5 


..A <. i 


"■j 


X .S'« 






T, 


■25°C 






10 


5V < V, N <_ 25V 




SmA-Slaur-S 1.5A 





T A = 25°C. 10 Hi 5 f <. IOOV.Hj 

'out - 20 mA. ( - 120 Hi 
1, ^ 25°C. l OUT = 1 OA 



55 
2 



too 

ISC 



mV 
mV 



mA 
mA 

uV 

mV/tOOOh' 
dB 



UW340-IZ !V IN = 19.'. l OUT =500 tiA, 0'C<T A < 70"C. jr.ess oth 


erwise spec 


fiedl 






PAHAVcTES 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Outa-jr Volume 


T, - 25'C 


11.5 


12 


12.5 


V 


Line 3o*. 'ali.'-" 


Tj"25 J C. 1«\5V£V,„<;3CV 












'out = 100 mA 






120 


mV 




Iout = 500 mA 






240 


mV 


LOe r " 3ijH d fon 


T, = 25°C. 6 mA < l OUT <. 1 5A 






240 


mV 


OutDut Voltage 


1« 5V £ V,„ <. 27V. 5 mA <, l OUT <£ 1.0A 
P„ -S 16VV 


11.4 




126 


V 


Quiescent Current 


T, » 25"C 




7 


10 


mA 


Quiescent Current Change 


14.5V •SV.htK 30V 






1 


mA 




SmA<l OUT < 1.5A 






5 


mA 


Output Noise Voltjgj 


T a '25°C. lOHififS 100 khz 




75 




uV 


. Long Term Stability 








48 


mV.IOOOhr 


Ripple Rejection 


'out ' 20 mA. f- 120 Hz 




52 




dS 


Dropout Voltage 


T, - 25*C. l OOT > 1 0A 




2 




V 



LM340-15 iV IN - 23V. ! G ^ T =■■ 500 mA. 0°C < T A < 70°C, unless otherwise .-pecifieal 



PARAMETER 


1 

CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Outp«;i Voltage 


T, • 25"i'.' 


144 


IS 


15.6 


V 




Line Keguidtior. 


T »2£'C. 17aVs.V, N i;30V 

IriUT " SCO -lA 






ISO 
"00 


mV 

mV 




Load Regulation 


T, '2t;r. 5,nAs;icuT<1 5A 






300 


mV 




Output Voltage 


' ' '"'V <1 V, N <. 30V. 5 mA £ • 0L ~ ', 1.0A 
i' 9 <'SV: 


14 25 




15.75 


V 




Quiescent Current 


', 2o':: 




7 


70 


mA 




Quiescent Current Change 


I7.5v< V iN <;."SDV 
art As !. :l . T <> 1 i5A 






1 
.5 


mA 

mA 




Output Noise V'-.'te.^ 


'» - 25'C, IJHtst-" 100V"i 




10 




uV 




Looij Term StaD-itv 








SO 


mV/10C' 


."If 


Ripple Re,«ction 


'o'-T - 20 mA f -> 12C Ht 




50 




dB 




Uropout Voltage 


T. - 2S*i.\ I ,. T ■ 1.0A 




2 




V 
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D COMPONENT DESCRIPTIONS 
D.U VOLTAGE REGULATORS 



LM3^0K cont'd 



electrical characteristics (con't) 



IM34C-18 \ , 

PAHAMETE" 



bOO mA O'C < T A < 70 L C unless otherwise specified) 






Load R«|ijla*icn 



Quiescent C-j* r t»<-»' 






t)t"P'.,L.r V'ol'.^ne 



i CCTOIT'ONS 


MIN 


TYP 


MAX 


UMTS 




T, 2b C 


l 1 2 


IB 


187 


V 




T, - ?'. C, 21V < V.„< 33V 












■out 100 ha 

l 0UT » 500 mA 






160 
360 


IT V 

mV 




T, - 25 ~ 5 mA s l^., < 1 OA 






360 


CV 




21V < V lN ,33", b»-A v. l a _ T ^ ! .OA 
P c ■: IbW 


M 1 




'89 


V 




T.-2BC 




^ 


10 


mA 




21.' <V ... ,33V 
b~i» , l„ c . -, l HA 






6 


mA 
mA 




"'« '■'■-'■'■ U'H' < '< '3'J.Hi 




no 


72 


mV lOOOIv 




: , T -- .-0 rr.A, t ,20 H; 




4B 




dB 




T , 2 r 'C l.. UT .- 1 0* 




2 




V 



L!vli4C ?i IV',,., - 3CV ; L , n =•■ f>0Ci mA. 0"C < T A < 70'C, unless otnerv.-ist specified) 



f AfU»if "itn 


CONDITIONS 


.. 


■ 

MIN 


TVP 


MAX 


UNITS 


OvUpN-. '/oiT^e 


T, = 25' C 


1 


23 


24 


2b 


V 


Li^e neyuleiion 


T : ' 2b "C . 27V < V, N £ 3SV 
'out = luOmA 
l our bOOmA 










240 
400 


i-i V 
m'v 


lone Fieyui..tii>i, 


T - 2b C b mA < I , UT < 1 OA 










480 


mV 


Ourpu! Vjifjij'- 


27V -L V,., '.: 33V brT.A < l OL , v 1 OA 
P,, -.- I5V.< 






22.3 




25 2 


V 


CK"k^i £".--.m 


T. • 25 '_ 








7 


■ 


T.A 


Quiescj-u Ct.i . i-nt ^.*"dn.jc 


2?v •, V, N <38V 
5 mA < 1-,^ , < 1 OA 










1 
.6 


mA 
mA 


Oi tpul Ni,iit V/oMi^t 


T* 25 C 10Hr<l< 100 kHi 








1/0 




llV 


lM » ! r„n--,. J h..,., 












96 


mV 1000 hi 


flu- ,.(• f»,!f:Oll 


l GUT 20mA. f ■ 120 h; 








44 




d8 


r';o^'i.Jl VDM^ :« 


T- 25 C, i OUT ■ 1 OA 








2 




V 



typical performance characteristics 



M^ximuo- Average Power 
Dir&ipation 



■ ' J J jJ _ .i'.dfJITF HtAl biSKj 



WITH 10'C.V. . 




lb 30 45 S8 '5 

AMBIENT TEMPER VI iJRF TCI 



Maximum Average Power 
Dissipation 






5 10 p-— — y^^-.^.^-- ■: riEfll 3'MC :: 




NO HEAT SINK 



J 1 



IS 70 4: 60 75 

AVBIINTTFMPEMTUP.EI CI 
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D COMPONENT DESCRIPTIONS 
D.U VOLTAGE REGULATORS 



LM3UOK cont'd 

typical performance characteristics (con'tj 







Peak Output Current 












1 J»oui "2',0f Vo,,t 


< 


2S 


f \l, o~c . 




2 


— 1 +^»v --V ■ - - 








i£ 


15 


/ T « [\\ 





'I 


H ^n{ Nv nnc - 




» (-/— -4— - V '50 c s v„/"SX. J 
1 ; ^\ ■\\l 




i 
3 - 


; ; ; ; \ NJ 



Ripple Rejection 



S '"1 la 10 25 311 

IXPLir UUTPlir D.Fftfil'IT 6L (VI 




,0 mo it 10b look 

FREQUENCY (Hi) 



Ripple K<!|ertii,n 





; i-i?oiii 






so 


1 lour' 5O0 mA 




h ._« , 1 


so 
in 

10 


PARI - t, ., . • 
LM34115 Iflv * " : 

im iaa w 1 1 v , . »__i _ 

LMl^o rs 13V 

tM3« !i 1.1V. , L 1 

IAIMO'5 23V 

IU340-II 27!/ ■ . 

LMMO-2. 33V i 



■> 10 



'5 20 25 



QU T PU1 VOLTAGE >VJ 

Output Voltage 
(Normalized to IV at 25 C 



I'll 



= I 000 



».» : v„ ur sv i ; 

loor 20 mA — ' - i 




r ' ' x 


/- 


J *" |_ ' ' 


1 1 ; i 





T4 !' ! i 

, r t — r — ' 



2i SO T S 100 U5 
JUNCTlP* r?.MP£lATfjBf: , r., 



Dropout Voltage 





-v ou ,.2-;orv„„ 


2 


-^^t^^ZJou,-^ 


.5 


^T^-;;-^^^ 


1 


lot, r * 200 mA '' *""""-"^Z_ 


5 




.' i l 01JT = DA -" "*""* 


! 1 ; ' 



25 SO 75 TOO 125 
JUNCTION TEMPERATURE Id 

Quiescent Current 




-t-h- 
5 ii i ,, 



5 10 15 20 2S 30 3S 

IKPiirvOLlACEIVI 



Quiescent Cj'crn 




• 25 W 75 (00 '15 1H1 
JUKCTIdHI TEMF^RUURi: CCI 



Output Impeduuce 



v* ■ ivv £:-:=. ^.Z; 

Vour ■ 5V '{ 
'out* SCO rciAi 
T. - 25'C [_ 



~-S 






'« IK Ik 10k !tii« 
ERtQUENCY (Ml) 
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LM3UOK cont'd 

typical applications 



; <Ket OuVji:. Plegut.itor 



- T" 1- 
i T 






Adjustable Output Regulator 

7 

OUTfUT 




V'cut =5V- H6.7 mA * l Q ) R 3 
\q '' 1.6 rrA o»e. line ind !t>*d ch; 



Current Regulator 



-K 



3 



'out ■ -p- * Iq 
'q * 1.5 (rA o,.-( litems' iMdcnanga 



1:>V 5 Amp Relator With Snort Circuit Current Limit 



O •-; <WV- 



S) 
W 

01 
_ „ 1M;i« 

-^VV\ Pf— 



>U/ 



V„» ' 19.5V Tt >M 











*-; 


LU340T19 


1 


1 


2 ' 






l 3 


— C2- 



E^— ^TJ 



'SOLID TAITMUV 



SINGLE 

POINT GNO 



,■-.'. ■''"'"■ ■ '"»•"«' bii'.'LLH THF U135I) A\C 01 Allows THE EXTENSION 
•'■' v V' ilw l'^""/'' l '■"' S "' E l> ' EB; >* i « -* = * Pf uircTOW. AND KSSUMI 
rHt'f-.'l Shl'--'"ri.'^r|- : "i'. i 't 1 ' E " MtS , '" C '""' C ' TV 0F tKt 1-M340 MEAT SIN 
•V?l!. i,,„,, D , ri . is APPROXIMATELY FS w. 
N5T-. ! :„ JT ,. AX AT V„ UT - 15V 'S APPROXIMATELY 9 5 AMP 



OF 

NG 
SINK} 
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D COMPONENT DESCRIPTIONS 
DjU VOLTAGE REGULATORS 

IiqltOK cont'd 

typice! applications (con't) 



High Current Voltaue Regulator 



„ . ^ 

1— VW 



2M391 



tSOl'OTANTALUV 



2 I >'-■ U.» T..2SC 

• r u;,'ur #v„iov.m- i t - 

t Laid RequuTmn = 2 n 

— I — C2 * II ■ 10*. 9V .. V 1N 



—J—'"" — T — 0. 1 u f Lim nqulnun • 20 n 



1[1A 
V 
12V 



Electronic Shutdown Circuit 




5V AT 1 AMP 



■REOUIREO If THE REGULATOR IS LOCATEO FAR 
FROM THE POWER SUPPLY FILTER 
•HEAT SIV.K 01 AND THE LWHO 



Dual Powar Supply 



I 



01)0 O— I ► 



,0— ♦ 



ci 

122. F 



•CJ" 

*2.2uF 



5_, ;= sVa 
T5 



02 4 

IW72U ATA 



-C2 

— i lljF 



<» »-0< 



-B 4 



•SOIIO 'A'lALUr' 

"OEAWA'/'JV arr-Df IIJ-VJG A »NP GEflMANIUV TSJNInTOR 
ftlfil TnE LOUtt i'OH >,:'nTEU 10 THE FV.TTSl 

HrIlini-'"« S' J "' : . " ' i5tRf ' li[ » lJ, «» S'ART'JP INTO A COMMOK L0..0 
REGAHOLti* JF THE I*P1it VOI'mGE ST»RP.T SC0UE.1CE. 
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LM3H 



r.f-r.e-rai description 



"I -.i- °J '■'.*'; ': v^'. .e <:C ■■'l. l ' J v: ' tr. ;: tii:, -;-, j':\ 
c irre.'-.i. m-.-r- r> .i f ' .-* ' j'K'ifc! '"^'-;-. ! -.v.-.p- v-,r~. je 
v.ces '.re th._- w «i:''.':c Dr I'l'TMOC i: is also r r 
signed ic ..pt:'.j. j ••-.•.>• - "..tier range of su^piv 
>.'->itaf;PS' iron- j; u r,,;,, ,, ':5V op amp supplie" 
down io the -.n.- 1 '; :-'. i..i.trlv ,is~d for IC logic. ! f s 
output !S -o.v-p.ii::.--: wiM nil. DTL ana TTL as 
■.v^i! «<: \'JS o.f :.i-;> t-u-tr.e-, il tin --Irive lamps O' 
rt.; /s i.v.ch mi -..jitagei ur. ;o 40V .r. currents ai 
: iic- ?s50 in -V 

features 

« Cpera:-rs '-it \..'uh 5v > ip;jiy 
• Vai-imum input current: 2?(j nP 



■ Maximum offset current: 50 nA 

« D'tteiential input voltage range: 13QV 

■ Pov.-L-r consumption: 135 mW at 1 15V 

B.-ii!-. the input and the output of the LM311 can 
op eclated from system giound. -?nd the output 
can drive loads referred to ground, the positive 
supr.lv or !hu negative supply. OtfsPt baL-incng 
.!■•'.: M.c-Pe ciipaliil.lv a"- provider md ci."piP r c.in 
he - .- -e OH'-xl Although -.D-.-.-sr m;:.i ;!-.-! L'v'305 
an-.: !M7'CC • ,'u j :k r t «.' >t . . :e vs 4j nsi 'r.e 

-: . (> ^..s.' !).;:.'-. ::.-s> iv: • ;e lo sr.'i ious c»->ci:ta 

- :-s ^'"e L r '.' | .:" ! 1 hi, Me same yjr.. configuration 
?.- '..-'• I. V 306 ana LVHOC 



schematic diagram and auxiliary circuits 



H- 

4 



4T:R 



U L 



'Pin connp: vpt -iQ«vri on schematic diagram 
and tvpiiii' 3p-j-.cttir»ns are for TO-5 package. 



i4*_t3 



1= 



:>-i~.^ U* 




connaction diagrams * 

Mrlal Can Flal C»ch»9e 



• ^ 



Or J« Number LM3MH 
J«*c Package 11 



*L-^- 



Order, Nun-iQer LM31 ' r 

>2C ^3-ki3* "* 



Dual-ln-Line Packac* 




Order Mun-.ber £.M31 W 
Sea rvtUge 20 



Offset Balancing 




Strobing 




tncrea-itng Input Stagp Curr*- it" 
Duai I' Line Package 



XT 



"' 'Tt>-i P " 



:. :u 



i 



Order Number LM31 ID 

See Pack^go * or 

Order Nur.iber LM311N-14 

S ie Hackaga 22 
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LM311 cont'd 



absolute maximum ratings 



Tot3i Supply VolMUR IV. ; I 

Output to Negative Supply Voltage (V - 

GiouniJ to Negates Supp!.' Vciir.g, [V ; 

Differential Input Voi:ar;e 

Input Voltiq; (f\'ott> 1 1 

Pewit Dissipation (Not :i ,'i 

Output Short Ci.-uit Dur-tio:: 

Operating Teinr.ef-.tur-! Rarg=: 

Storage Temperature R.iMQe 

Lead Temperature iso'denng, iOiecJ 



36V 
40V 

30V 

+30V 

±15V 

500 mV; 

lOsec 

■i'C to 70 C 

■i 15'" C to ^ 50 C 

300" r 



elect: teal characteristics 



PARAMlTEm 



'O.M'-.ITiO.'vS 



1_. 

Ir put Offset Voltage IMotc- 4) j T,.. ■■ 2-j C n, 1 £CK 

Input Offset Current iNo;e4| j T.-25X 

Input Bias Current. 

Voltage Gain 

Response Time (Note 5) 

S'jluratii.-.i Voltage 



Sccbe On Current 
Output Leakage C irrent 

Input Offset Voltage (Note <t! 

i.iDut Offset Current iUo'.n 4> 

Input Bras Current \ 

Imut Voitsge flange i 

Sa'urat: ;n Voltigs V r ".■ 4.5V, V" - 

V. N < -10 mV, i s ,,, «. •; 3 niA 

T A -■ 25 'C 
T fl -25 C 



i M.-N 



7 A - 25 c 




T a *25"e 




T A -- 25" C 




|/ !N < -10 m'/, 


Iqut = 50 m 


"a -25 C 




7 : 25" r* 




V, N > 10 mV, 


'■'out - 35V 


T a '25"C 





« c ^-_ r 5 nK; 



Positive Suppi* Current 
Native Supotv Current 



TYf 



2.0 
GO 

100 

200 

.700 

0.75 
3.0 

02 



■U 



4.1 



»J,-,t« i. rhi -jnn-) ir.ol'Bs Mi ilbv nupl'K T-:,.- .'.oiilivu vji ■.'■( -,-j.: i-ir, i .- 3:\, i,i,- in.- 
-egsi".<! iL.»..'v T>-...- .'eoal.vi- .iu I .olTa.j3 '-'vi ■ -.- e. ..j. ;,.■, th. -eujt.yi - pt y .chjjc c 3U"be'5iv 
*r>e cTsil.ve ■-. "r?iv, ..i/n^heve' '•> 'ts- 

Notr 2: Tr,j H 1 i,,n..fn i^nct-or, (Srm.i'r'.t :.-<■ cl I n? ,.M3!' '% ■5 C Fu' i>a .-rut' .<] at '.-,,' -atf J 
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LM3H cont'd 

typical performance characteristics 



Inp-j* B-ai Orrer-t 



Input Offset C'j'rent 
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Input Characteristic* 



Common Mode Limits 



Tiansfer Function 
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TEMPERATURE (' CI 



1 -S 5 I 

DIFFERENTIAL INPUT VOLTAGE (mVI 



R-_'«ponx T.me for Various 
Input Ov** drives 



Response Time For Var;ous 
Input Overdrives 



Output Saturation Voltage 



' ■■fnv-iy/T-: 



^r."i'-KlT. j I 
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10 20 30 40 H 

OUTPUT CURRENT,™*] 



RfSponse Time for Various 
Input Overdrives 



Response Time for Various 
Input Overdrives 



Output Limiting Characteristics 



~\ 3 
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LM311 cont'd 



typ 



ca! performance characteristics Icn't) 



^upp'y Current 



$L'op!v Cvrtrl 



POSITIVE fUrUt ■ 
OUTPUT ljr«— -,"'" 




• t 10 15 20 li 30 

SUPPLY V0LTACE (V) 




a it 2o io « so to jo to 

TEMPERATURE (CI 



Le^kajft Currents 

ipu't iwt'Hn-j^^r — ! 




TEMPERATURE ,0 C) 



typical applications 



Detector for Magnet-c Trai^irer 




Zero Crossing Detector 
Driving MOS Switch 




100kHz Prep itu^mng Mtiltiwir.-r .fir 



— If— 







Driving Ground Referred Lo^d 



Rr 



10 Hi to 10 kHl Vo4M.;n Controlled Osciilitor 



Using Clamp Diodes *o Improve Response 



rv 




TTL Interface wirt Hnjh >_e*tji Logic 






i—G 



Crystal Oscillator 



-W-* — »- 



J>-J. ,zi 



J 




H 



Comparator »n*l SoianoiJ Driver 
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LM3H cont'd 

typical applications (con't) 




Precision Squarer 




— e>-«A V ' • 




Positive Peak Detector 




Negative r*e«>k Oeetector 




Strobing off Both Input* 
and Output Stages 




Low Voltage Adjustable Reference Supply 




Zero Crossing Detector driving MOS logic 




Digital Transmission Iso'ator 





Precision Pho tod tods Comparator 



Ftetay Driver with Strobe 





Switching fower Ampltfter 



Switching Pov/pr Amplifier 
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555 ; 

DESCRIPTION 

The NE/SE 555 monolithic timing circuit is a highly stable 
controller capable of producing accurate time delays, or 
oscillation. Additional terminals are provided for triggering 
or resetting if desired. In the time delay mode of operation, 
the time is precisely controlled by on? external res;sror and 
capacitor For a stable operation as an osc:lla:or, ths free 
running frequency and the duty cycle are both accurately 
controlled with two external resistor, and one capacitor. 
The circuit n<ay be triggered and isse-- or. falling waveforms, 
and the output structure can source or link up to 200mA 
or drive TTL circuits. 

FEATURES 

• TIMING FROM MICROSHCONDS THROUGH HOURS 

• OPERATES IN tOTK ASTABLE AND MONOSTABLE 
MODES 

• ADJUSTABLE DUTV CYCLE 

• HIGH CURRENT OUTPUT CAN SOURCE OR SINK 
200mA 

« OUTPUT CAN DRIVE TTL 

• TEMPERATURE STABILITY OF 0.005% PER °C 

• NORMALLY ON AND NORMALLY OFF OUTPUT 

APPLICATIONS 
PRECISION T'iWNG 
PULSE GENERATION 
SEQUENTIAL TIMING 
TIME DELAY GENERATION 
PULSE WIDTH MODULATION 
PULSE POSITION MODULATION 
MISSING PULSE DETECTOR 

BLOCK DIAGRAM 



T PACKAGE 

(Top View! 

1. Ground 

2. Trigger 

3. Output 

4. P«« 

5. Control Voltdga 
6." ThresPGld 

7. Dtscharfl* 

8. V CC 

ORDER PART NOS. SE555T/N6553T 







J 5 



V PACKAGE 

(Top View) 

1. Ground 

2. Triflgdi 

3. Output 

4. R«»t 

5. Control Voltage 

6. Thr«,hcfe 

7. Ciiscnarce 

8. V cr 



ORDER PART NOS. S.:i65V'NES55V 



I 

ABSOLUTE MAXIMUM RATIOS 

Supply Voltage 

Power Dissipation 

Operating Temperature Range 

NE555 " O o c t0 , 7Cl r. c 

SE555 -55°Cto^1?5°C 

Stcage Temperature Ranoe -65°C to +1 50°C 

Lead Temperature (Soldering, 60 seconds) -t-300'C 



fl8V 
600 rr-W 
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555 cont'd 

ELECTRICA*- CKAR JCTFF ISTICS (T A - 25°C. V C c - +5V to +15 unless otherwiss specified) 



PARAMETER 


TEST CONDITIONS 


1 


SE555 


NE555 


UMTS 




MIN 


TYP 


MAX 


MIN 


TYr> 


MAX 


Supply Voftege 




4.5 




18 


4.5 




16 


V 


Supply Currant 


Vqq - 5V R L ■ oo 




3 


5 




3 


6 


mA 




V CC - 15V R L *oo 




10 


12 




10 


15 


mA 




Low State, Note 1 
















Timing Error 


"a, Re" "«i toiooKn 
















Initial Accuracy 


C-0.1V* Note 2 




O.S 


2 




1 




% 


Drift with Temperature 






30 


100 




60 




Ppm/°C 


Drift with Supply Voltage 






0.005 


C.02 




0.01 




•yvoit 


Threshold Voltage 






2/3 






2/3 




"VCC 
V 


Trigger Voltage 


VCC'SV 


4.8 


S 


5.2 




5 






VCC" 5V 


1.45 


1.67 


1.9 




1.67 




V 


Trigger Current 






0.5 






0.5 




PA 


Reset Voltage 




0.4 


0.7 


1.0 


0.4 


0.7 


1.0 


V 


Reset Current 






0.1 






0.1 






Threshold Current 


Not* 3 




0.1 


.25 




0.1 


.25 


uA 


Control Voltage Level 


V C C-15V 


9.6 


10 


10.4 


9.0 


10 


11 


V 




V CC - 5V 


2.9 


3.33 


3.8 


2.6 


3.33 


4 


V 


Output Vo'tag 3 C op (low 1 


V CC - 1SV 


















'SINK* 10mA 




0.1 


0.15 




0.1 


.25 


V 




'SINK * S*n* 




0.4 


0.5 




0.4 


.75 


V 




'SINK" 1 00mA 




2.0 


2.2 




2.0 


2.5 


V 




IstNK-*" 200mA 




2.5 






2.5 








V cc - 5V 


















'SIMK" 3mA 




0.1 


0.25 








V 




'SINK "5:nA 










.25 


.35 




Output Voltage Drop (high) 


■SOURCE " 200mA 
Vcc* 'SV 
'SOURCE - 100mA 




12.5 






12.5 








V C C " 'SV 


13.0 


13.3 




12.75 


13.3 




V 




VCC" 5V 


3.0 


3.3 




2.75 


3.3 




V 


Rise Timo of Output 






100 






100 






Fall Time of Output 






10G 






100 




nsec 



NOTES: 

1. Supply Current when output high typically 1mA lens. 

2. T -tied at V cc • SV and V cc -15V 

3. T-.it will determine the meximum value of R A » R B For 1SV operation, the max total fl - 20 megohm. 

EQUIVALENT CIRCUIT 




-^q I g ft H I I 
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TYPICAL Cii/^ACTiir.'STiOJ 



MINIMUM PULSE WIDTH 
REQUIRED FOR TRIGGERING 
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LOWEST VOLTAGE LEVEL Or TRIGGER PULSE - X V cc 



LOW OUTPUT VOLTAGE 

»s Output sink curhe:«i 

TT 




DELAY TIME »j 
SUPPLY VOLTAGE 
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8 
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•UffLV VOLTAGE - all 



SUPPLY CURRENT 
vs SUPPLY VOLTAGE 
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LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 
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1 ! 
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i 1 ! 



-SO -29 
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HIGH OUTPUT VOLTAGE 

vs OUTPUT 

SOURCE CURRENT 




LOW OUTPUT VOLTAPE 
»$ OUTPUT SINK CURRENT 




l«Nlt-">A 



PROPAGATION DEL^Y 
VI VOLTAGE LEVEL 
OF TRIGGER PULSE 




LOWEST VOLTAGE LEVEL OF THICKEN rtJLSC- X Vcc 
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555 cont'd 
APPLICATIONS INFORMATION 
MOKOSTAELE OPERATION 

In this moce cf operation, the timer functions as a one- 
',hot. Referring to Figure la the external capacitor is 
initially held discharged by a transistor inside the timer. 



«VC£ » To 15VI 



RESET 

_J 



T 



«A 



CONTROL 
IvOLTAQE 

± 



FIGURE 1». 



Uoon application of a negative trigger pulse to pin 2, the 
flip-flop is set which, releases the short circuit across the 
exurnal capacitor and drives the ottcut high. The voltage 
acrrss iht capacitor, now, increases exponentially with the 
time constant 7 = R A C. When the voltage across the oaoaci- 
to: equals 2/3 Vq£, the comparator resets the flip-flop 
v,,--icr, i.-. turn discharges the capacitor rapidly and drive; 
trv Ciiiui to its low state. Figure lb shows the actual 
wo.'ftorms r;;nerated in this mode of ODeration. 

T!-.e ci'cuit triggers en a negative soma input signal when 
tio i?vei reaches 1/3 Vcc Once triggered, the circuit will 
re.ra,,- in this state until the set time is elapsed, even if it 
is trinnareu again during this interval. The time that the 



JV,'-*-^T... '^';Tf«T'^ ,*"?.<*- m~*r- t •zny^f?.? 






R A - 9.1 Kfi. C* O-i /IF, R L - 1 <n 
FioJF'F lb. 



output is in the high s-.ate is given by t = 1. 1 R A C and can 
easily be determined bv Figure 1c. Notice that since the 
charge rate, and the threshold level of the comparator are 
both directly proportlc-al to supply voltage, the timing 
interval is independent o. supply. Applying a negative puise 
simultaneously to the reset terminal (pin 4i and ihe trigger 
♦erminal (pin 2) during the timing cycle discharges the exter- 
nal ctpa^itor and causes the cycle to start over ag^in. The 
timing cycle will now commence on the positive edge of the 
reset pulse. During the time the reset pulse is applied, the 
output is driven to its low state. 

When the reset function is not in use, it is recommended 
that it be connected to V'ccto avoid any possibility of false 
triggering. 



TIME DELAY 
vsR A , R B ANDC 




10 TOG i 10 IU , 

„SEC uSEC MSIO MSEC MSEC SEC SEC 
T.KE OCLAT 



FIGURE 1c. 



ASTAELE OPERATION 

If the circuit is connected as shown in Figure 2a (pins 2 and 
6 connected) it will trigger itself and rrte run as a multi- 
vibrator. The external capacitor charges through R A and 
R8 arid discharges through Rg only. TVjs the duty cycle 
may oe precisely set by the ratio of th.se two resistors. 



-v^ ( LU i 15 V) 



o- 

OUTPUT 



1 



I =T=C 



FIGURE 2a. 
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DESCRIPTION 

The ^A741 is a high performance operational amplifier with 
high open loop gain, internal compensation, high common 
mode range and exceptional temperature stability. The 
MA741 is short-circuit protected and allows for nulling of 
offset voltage. 

FEATURES 

• INTERNAL FREQUENCY COMPENSATION 

• SHORT CIRCUIT PROTECTION 

• OFFSET VOLTAGE N'JU. CAPABILITY 

• EXCELLENT TEMPERATURE STABILITY 

• HIGH INPUT VOLTASE RANG*: 

• NO LATCH-UP 



ABSOLUTE MAXIMUM RATINGS 

MA741C 
Supply Voltage' 
Internal Power 

Dissipation (Note 1) 
Differential Input Voltage 
Input Voltage (Note 2) 
Volt'.je between Offset 

Nuil and V- 



±18V 

500mW 
±30V 
±15V 



±0.5V 



0°C to +70°C -55°C to 



MA741 
±22V 

500mW 
±30V 
±15V 

±O.SV 

+125°C 
+150°C 



Operating Temperature 

Range 
Storage Temperature 

Range -65°Cto+150°C -65°Cto 

Lead Temperature 

iSoider, 00 oec) 300 a C 300°C 

Output Short Circuit Indefinite Indefinite 

Duration (Note 3) 
Mat* 

t. Rating applies tor can temparaturaa to 135°C; Owate linearly at 
a.SfflWrC for ambient foTvoraturo: ait_vi +75"C;. 

2. For lupolv voltages ha than ti SV. tn* aosolu.o manimum input 
<rortege i» equsl 10 the iupniy voitaqa. 

3. Saart circuit nay t-s tc (injure! or (timer supply. Rating appliaa to 
♦ l.^'C esse temperature or »75'C ambient temperature. 

EaUIVALENTCIRCUiT 



NON-INV»TING 
IWUT 



i; 




PIN CONFIGURATIONS 



A PACKAGE 

(Top View) 




1. NC 

2. NC 

3. erf tat Null 



4. Inv. Input 

5. Non-lnv. Input 

e. v" 

7. NC 

8. NC 

9. Offaat Null 

10. Output 

11. V* 

12. NC 

13. NC 

14. NC 



ORDER PAHT NC. UA741CA 



T PACK AG t 




1. Offset Nul- 

2. Inverting l.iput 

3. Non-lnvemng Inpur 

4. V" 

5. Offset Null 

6. Output 

7. V + 

8. NC 



OROER PART NOS. AIA741T/JiA741C7 



V PACKAGE 




1. Offset Null 

2. Inv. Input 

3. Non-tnv. Input 

4. V 

5. Offset Null 

6. Output 

7. V + 

8. NC 



OROER PART NO. /4A741CV 



5-r— STT] 

—I 1 INVERT. 

J INPUT 

^ 

•So, 



Mr 



>t£ 1 



» ■; 

H 



IT"? 



f»9 



P 



.*! f— t 



< 



«10 
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Q» 



' M*U 
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ELECTRICAL CHARACTERISTICS ,J S ~- ±15V,T A = 25°C unless otherwise specified) 



PARAMETER 



TYP. 



UMTS 



TEST CONDITIONS 



JJA741C 



Input Offset Voltage 

Input Offset Current 

Ir.pjt Diss Current 

Input Resistance 

It-put Capacitance 

Offset Voltage Adjustment Range 

input Voltage Rar.ge 

Common Mode Rejection Ratio 

Suppi , Voltage Rejection Ratio 

Lar^e-Signal Voltage Gain 

Output Voltage Swing 

Output Resistance 

Output Short-Circuit Current 

Supply Current 

Power Consumption 

Transient Response (unity gainl 

Risetime 

Overshoot 
Slew Rate 
The following specifications apply 

for 0°C<T A <+70°C 
Input Offset Voltage 
Input Offset Current 
Input Bias Current 
Large-Signal Voltage Gain 
Output Voltage Swing 



0.3 



±12 
70 

20,000 
+12 

±10 



15.000 

±10 



2.0 
20 
80 
2.0 
1.4 
±15 
±13 
90 
10 
200.000 
+14 
+13 
7B 
25 

1.4 
50 

0.3 
5.0 
0.5 



±13 



6.0 
200 
500 



150 



2.8 
85 



7.5 
300 
800 



mV 

nA 

nA 

Mil 

pF 

mV 

V 

dB 

MV/V 

V 
V 

n 

mA 
mA 
mW 

Ms 
% 
Vint 



mV 
nA 
nA 



Ro<10«.(l 



R s < 10M1 

R s <10kn 

R L > 2kfi,V out -±10V 

R L > 10kfi 

R L > 2kfl 

V in - 20mV, R L - ?k«. C L <; lOOpF 
R, >2kft 



R L >2kn.V out - + 10V 
R L > 2kO 



/JA741 



Input Offset Voltage 

input Offset Current 

Input 6ias Current 

Input Resistance 

Input Capacitance 

C'sit Voltage Adjustment Range 

l srg, S igr.al Voltage Gam 

Output Resistance 

Output Short Circuit Current 

Supply Current 

Pt-wer Consumption 

Transient Response (unity gain) 

Risetime 

Overshoot 
Slew Rate 
Tite f'-llowing specifications apply 

101 -55"C < T A < +125°C 
Inout Offset Voltage 
input Offset Current 

Input Bias Current 

Input Voltage Range 
Common Mode Rejection Ratio 
Supply Voltage Refection Ratio 
Large-Signal Voltage Gain 
Output Voltage Swing 

Supply Current 

Power Consumption 



0.3 



50.000 



±12 
70 

25.000 
±12 
±10 



1.0 
10 
80 

2.0 

1.4 
±15 

200,000 
75 
25 

1.4 
50 

0.3 
5.0 
0.5 



1.0 
7.0 

20 
0.03 
0.3 
±13 

90 

10 

±14 

±13 

1.5 

2.0 

45 

45 



5.0 
200 
500 



2.8 
85 



6.0 

200 

500 
0.5 
1.5 



150 



2.5 
2.3 
75 
100 



mV 

nA 

nA 

Mil 

pF 

mV 

n 

mA 
mA 



% 
V,vs 



mV 

nA 

nA 

*A 

PA 

V 

dB 

dV/V 

V 
V 

mA 
mA 

mW 
mW 



R s <io*n 

R L >2kn,V out -±10V 

V jn - 20mV, R L - 2kli, C L < lOOpF 1 
R, >2kn 



R s <10kn 
T A - +125°C 
T. - -55°C 
T?-+125°C 
T7^-55°C 



Ro<10kO 



R L >2kn.V out -±10V 

n, >iokn 

R," ;• 2kfl 



T"A ' 


+12i/C 


T fl- 


-55'C 


T »- 


+125°C 


T A - 


-55°C 
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TYPICAL CHAnACTEHlSTJC CURVES 



OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
SUPPLY VOLTAGE 
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INPUT BIAS CURRENT 
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TEMTSRATUME *C 



INPUT OFFSET CURRENT 

AS A FUNCTION OF 
AMBIENT TEMPERATURE 



M> 




1 1 

Vj-IKV 


i 




















r 








I- 

s „ 












_j_- 
















i ! .. 






s 












i : 


1 
i 


1 " 




| 






! i 1 






^T 


1 


_ ' i 



INPUT COMMON MODE 

VOLTAGE RANGE AS 

A FUNCTION OF SUPPLY VOLTAGE 
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VUmY VOLTAGE IV 



INPUT RESISTANCE 

AS A FUNCTION OF 

AMBfeNT TEMPERATURE 
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POWER CONSUMPTION 

AS A FUNCTION OF 

AMBIENT TEMPERATURE 
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POWER CONSUMPTION 
AS A FUNCTION Of 
SUPPLY VOLTAGC 
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SUPfLV VOLTAGE t.V 



INPUT OFFSET CURRENT 
AS A FUNCTION OF 
SUPPLY VOLTAGE 
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HJPflV VOLTAGE ±V 



OUTPUT VOLTAGE SWING 
ASA FUNCTION OF 
LOAD RESISTANCE 
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TYPICAL CHARACTERISTIC CURVES (Cont'd.) 



OUTPUT SHORT-CIRCUIT CURRENT 

AS A FUNCTION OF 

AMBIENT TbMPERATURE 
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OUTPUT VOLTAGE SWING 

AS A FUNCTION OF 

FREQUENCY 
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INPUT NOISE VOLTAGE 
AS A FUNCTION OF 
. FREQUENCY 
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COMMON MODE REJECTION 
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OPEN LOOP PHASE RESPONSE 

AS A FUNCTION OF 

FREQUENCY 
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1U88 (or 75188) 

• Meets Specifications of E!A D'V2?^C 

• Designed to be. Interchans^oia with Motorola 
MC1438L 

• Current-Limited Output . . . 10 mA Typical 

• Power-Off Output Imperial ... 300 il Mir. 
1 • Slew Rate Control by Loan Capacitor 

• Flexible Supply Voltage Ranga 



j en n 

OUAL-IN-UfJe PACKAGE 
(TOPVlE^I 



^cc-t 



43 



Input Compafibfa with Most TTL ?.nd OIL 
Circuits 



description 

The SN75183 is a monolithic quadruple :,ne drivei 
designed to interface aa'a terminal equiomont -,vit,i 
data communications eqi.ipmer.t in co.-.fornance 
with the specifications of c!A Staa-jard ric'-?32C. 
The dwice is characterized frr operav.cv f.- 0f; , n"C to 
75°C. 

schematic (each driver) 



i-r- 




A.C- 1A IV M HiH I ~j~ I -"-> 



positive lo-.-i--: 



.""■} 




FUNCT^C?. TABLc 
A E T*V 


H h 
L X 
X L 


H 

H 



H - h.«h |« v ri. L 
X ■ irrelevant 



v C c- 



T 



^"i-lor »iIb«i wovwi arc nor nn and .n c»m. 

absolute maximum ratings over opening free-air temperate- range {.jnless other-vise not-d) 

SuspjV voltage V C! > at <,, L- f -o,,l .Jb'V. i'e,-„r torr.,..ratur« (see -Notes I anJ 2, 

^FP.v vulteye V CC _ at ior on-io,,; :?y'C f.x-a„- tem^r a(U re isse Notes 1 jod^ ' 

Input voltage range 

Output voltage range 

Continuous total dissioation <ic ior b*icwi 34^0 in 

Operating free-air temperature- range 

Ctordgs tompaiature ranoe 



15 V 



vee-air temperature (see Note 3) 



-15 V to 7 \, 

-15 V to 16 V 

... 1 W 

c Cto7b c C 



Lead temperature 1/«tj inch from ca:? lor 60 seconas: .' pvk %g,. 
Lead temperature 1/lfi irxh from case ,'or 10 sounds- r r ia^.. 

NOTES: 1. All voltage, imIuc<< an, with re,p, rt to ,n 



-t55°C to 1 /5°C 
- . 3C3°C 

2«?°C 



3. FO' op»r.t.on above 2£'C rVao-ai- >,m»ri 
3. Dar-'.te linearly to 730 nw 



■t.vcr< .-.rcur- 



II.- -o >-.« .,»», -j— <it,op>v VrMucilCurvi, Fi8jr» fi. 
r t*r-narr.:-i~» ?t .'-a '*•* o' 10 « mW 'C. 
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1U88 cont'd 

electrical characteristics over operating free-air temperature range, Vcc+ = 9 V VcC- = -9 V 

(unless otherwise noted) ' ' 



PARAMETER 



V;h High-level input voltage 



V|l Low-level input voltage 



v OH High-level output voltage 



v OL Low-level output voltage 



l|4 High-level input current 



l|L Loi/v-ievei inpjt current 

'OS!H) Sriort-circu't output current at high level 



'OSd! Short-circuit output current at loin, level 



Output resistance, power of* 



'CC+ Supply current from V'cc+ 



ICC- Supply current from Vcc— 



If 



■'n 



T Qt3l power dissipation 



TEST CONDITIONS 



V iL --0.S V, 



R L - 



3k ; : 



V| H - 19 V. 

Ri_ = 3 kn 



Vcc+ = 9V, 
v~CC- - -9 V 



VCC+- 13.2 V. 
v CC- = -13.2 V 



Vcc+"9 V, 
V CC- = -9 V 



Vcc+" 13 2 V. 
VCC- - -13.2 V 



V|«0 



V| * 0.8 V. 



V = 



= 1.9 V, 



v -o 



vcc+ - o. v cc _ 

Vq ■= -2 V to 2 V 



Vcc+ - 9 V, 
No load 



Vcc+- 12 V, 
No load 



V C C+- 15 V, 
No load. 

Ta = 25° C 



V CC- * -9 V, 
No lo?d 



Vcc- '-12 V. 

No lOad 



V C C-" -15 V 
No load. 
T A = 25°C 



VCC+-9V. 
No load 



All inputs at 1.9 V 



All inputs at 0.8 V 



All inputs at 1.9 V 



All inputs at 0.8 V 



All inputs at 1.9 V 



MIN TYpt MAX 
(SEE NOTE 4| 



1.9 



0.8 



UNIT 



9 10.5 



-10.5 -9 



10 



-1.6 



-10 



-12 



10 



12 



300 



15 



19 25 



5.5 



All inputs at 0.8 V 



All inputs at 1.9 V 



Al! .nputs at 0.8 V 



All inputs at 1.9 V 



All inputs at 0.8 V 



All inputs at 1.9 V 



All inputs at 0.8 V 



V C C- = -9 V, 



V C C+= 12 V. 
No load 



VCC- 



-12 V, 



-0.015 



MA 



-1b 



-23 



-0.015 



-34 



-2 5 



576 



1 Ail tvnicai ultai n at T A - 15°C. 

NOTE 4. Th. .lacoMU convention where th. most po.it . . (lea.t-n.aativ.) limit „ „i on , t . d „ maximum i, u«d in this data sheet for logic 
voi-.aoe levels only, e.g., :( -6 V is a mav.mum. the typical value is a more-negative voltaga. 



switching characteristics, V'co S 9V, VcC— = 


-9 V, Ta = 25°C 








PARAMETER 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


;->r t-j ProQ .Ki"ion delay ti'ne, io.v-To-high-ltfvel output 


R L -3 klJ, C L - 15 pF, 
See Figure 1 


220 


375 


ns 


x PHl rro.iactjLion t'-;i u v 'Jme hi^h-to-low-level cuTput 


1G0 


175 


ns 


1 1 LH 7r df,r:tion t.r.e, !ow to-hirh-levpl output! 


55 


100 


. ns 


T ~!~HL * la-'Mtton itmn fi.c*h-*c-low-level output^ 


45 


75 


+7T 


r fi_H transition unt, icwic Sign-level output § 


Rl " - *<n to 7 k:i, C\_ - 2500 pF, 

See Figure 1 


2.5 


us 


l THL Transition tine, high-to-iow-luvel ouiout^ 


3.0 


(is 



Zieasursd bet^vaen 10% lnf 90* points ot outp-j: va.-eform." 
fc Measure L-atwMn +3 V anl -3 V pointi of output wavaforrn (EIA RS-232C condition*) 
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1U88 cont'd 



PARAMETER MEASUREMENT INFORMATION 



INPUT 



PULSE 
GENERATOH 
(See Note Al 



INPUT 1.5 




V* \l.5V 

!•-■?- <PHL I * ** 



p'PHL 



■tPLH 



OUTPUT 



Cl. 

(See Note B) 



1*50% 50%-/ 



i i 



*THL- 



•'TLH 



■3V 

. V 

■ v 0H 
■vol 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



NOTE: A. The pulse generator has the following characteristics: t w - 0.5 Ms. PRR - 1 MHz, Zq - 50 Si, 
B. C(_ includes probe and jig capacitance. 

FIGURE 1 -PROPAGATION AND TRANSITION TIMES 



TYPICAL CHARACTERISTICS 



VOLTAG€ TRANSFER CHARACTERISTICS 
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«CC»-I2" . «CC- - -"' 


'II! 




! 1 1 I 1 1 




t 1 ' 1 » 


! ' 


> 


Vcc. - 


9 V. Vcc- - -9 V ^ 

111' 




! 
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v C c.- 


!».»«-■-«» 






-1 

-6 

-12 
( 


! 






1 ! 


1 i 1 


i 

a 1 


r 










i i 1 


? 


i 

1 
















\U U 




1 






I 














1 i 






Ta - 25'C 


, j_i i 




0.2 


1 


S 0. 

1-1 

Fi( 


s 

put 

3U 


1.2 

vuiue 
RS2 


1.4 1.6 IJ 2 
-V 



OUTPUT CURRENT 
OUTPUT VOLTAGE 




-1« -12 -8 -4 4 3 12 16 

Vo-Outpwi VolUfje-V 

FIGURE 3 



short-circuit OUTPUT CURRENT 
f REE-A.R TEMPERATURE 




10 20 30 40 50 60 
Ta--F'*c-A' f Ttw.ptfatitfe— *C 

FIGURE 4 



SLEW RATE 

n 

LOAO CAPACITANCE 



j 100 

> 

3 

K 

a to 



=*4*SS 



-f44J— 4T A * 15 C 






y&t = ~~ 






..i;.... 



100 1000 10.000 

C^-Load (Uoaoititu— pf 

FIGURE 5 
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lU88 cont'd 



> 

i 



o 

> 



16 
14 
12 
10 



€ 8 

a 

_L 6 

•H 

u 

c 4 



THERMAL INFORMATION 

MAXIMUM SUPPLY VOLTAGE 

vs 

FREE-AIR TEMPERATURE 



1 

1 






















1 

! 










! 












































































Ri 


_3>3 


«n (f 


om each outuut to ground) 

• i ■ > 



10 20 30 40 50 60 70 80 

T/\— Free-Air Temperature— °C 

FIGURE 6 



TYPICAL APPLICATION DATA 



■J PUT FROM^ 
TLORDTL^S 



^L> 



^O 



V L c* 't2V 
Vcc-"-l2V 



OUTPUT TO "TL 



S \y » — ww irw I I w n 

1 / X X -0.7 V TO 3.7 

kSN751M 1 I 

3V X 

I ]p « , OUTPUT TO 01 
1 ■* i I -0-» v TO 5 7 V 

T I 

SV i 



OUTPUT TO HNIL 
-0.7 TO 10 V 






. OUTPUT TO MOS 
-10 V TO V 



io «n 

-12V 



FIGURE 7-LOGIC TRANSt-ATDR APPLICATIONS 
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lU&9 (or 75189) 

Input Resistance . . . 3 kn to 7 kn 
Input Signal Range . . . i.30 V 

• Fully Interchangeable with Mototola 
MC1489, IWC14S9A 

• Operates From Single 5-V Supply 
schematic (each receiver) 



• Built-in Input Hysteresis (Double Thresholds) 

• Response Control Provides: 

Input Threshold Shifting 
Input Noise Filtering 

• Satisfies Requirements of EIA RS-232-C 



RESPONSE 
CONTROL " 



INPUT * k 
A 



R1 



— — ( ■— — v c 
9k isk :2k 



K 



< 



OUTPUT 
Y 



■10 k 



SN751S9 SN75189A 
R1 10 k 2 k 

Resiato' i/2'ues mown are nominal and in ohm*. 



JORN 
DUAL-INLINE PACKAGE (TOP VIEW) 



4 3 

Vcc 4A CONTROL 4Y 3A CONTROL 3V 



14 



13 



"JL5LHJXLJJ1 



Fa> 



— JT^>0— 1 - — toN©- 



1A 1 IV 

CONTROL 



iiriijiiriirii] 



2A 2 2V G,MO 

CONTROL 



positive logic: Y = A 



description 

The SN75189 and SN75189A are monolithic quadruple line receivers designed to satisfy the requirements of the 
standard interface between data terminal equipment and data communication equipment as defined by tIA 
Standard KS 232C. A separate response control termintl is provided for each receiver. A resistor or a resistor and bia< 
voltage tan be connected between this terminal and ground to shift the input threshold voltaqe levels. An external 
capacitor can be connected from this terminal to grrund to provide input noise filtering. 

absolute maximum ratings at 25 C C free-air temperature (unless otherwisa noted) 

Supply voltage, Vrx ^- b Note II 10 V 

Input voitage +30 v 

Output current 20 mA 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 1 W 

Operating free-air temperature rangs 0°Cto75°C 

Storage temperature rang-.; -65°C to 175"C 

Lead temperature 1,16 inch from cs>e tor 60 seconds: J package 300°C 

Lead temperature 1/16 incn from case 'or 10 ssconds: M package 260°C 

*OTES: 1. Vo!t*ge veluet are with rejpect to the network ground tar-ni-val. 

2. For operation above 25*C fre**-eir temperature, 'efar to Dissipation Oeratna Curve. Figure t2. 



D-6T 



D COMPONENT DESCRIPTIONS 
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1U89 cont'd 
electrical characteristics over operating free-air temperature range, Vcc = 5V ± 1%, (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS'' 


SN75189 


SN75189A 


UNIT 


MIN 


TVpt 


MAX 


MIN 


TYPt 


MAX 


V T+ 


PoS'tive-qoing threrhold ./oltagc- 


1 




1 1.5 


1.75 


1.9 


2.25 


V 


VT- 
V ri 


rveoatlve-goinp threshold voltage 


1 




0.75 




1.25 


0.75 


0.97 


1.25 


V 


High-level outpjt voltage 


1 


V| =0 75 V. 


'OH " —0.5 rnA 


2.6 


4 


5 


2.6 


4 


5 


V 


Input open, 


Iqh = —0.5 mA 


2.6 


4 


5 


2.6 


4 


5 


Vol 


Low-4evel OLipur vclt^oe 


1 


V| - 3 V, 


l OL - 1Cr-A 




0.2 


0.45 




0.2 


0.45 


V 


hw 


High-level input c.jrrr-rT 


2, 


V| ' 25 V 


3.6 




8.3 


3.6 




8.3 


mA 


Vi" 3 V 


0.43 


0.43 







•il 


Low-level input curren- 


2 


V| - -25 V 


-3.6 




-8.3 


-3.6 




-8.3 


— — — 
mA 


V|--3 V 


-0.43 


-0.43 






'OS 


?hOf t-c'rcutt output current 


3 




-3 




-3 


1 


mA 


ice 


Supply current 


2 


V|-5 V. 


Outputs open 




20 


26 




20 


23 


mA 



* At! cra'act^riitics are measured with the response control terminal open. 
t All typical values are at VcC * 5 v . Ta * 25"C. 

switching characteristics. Vcc = b V, Ta = 25°C 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS* 


MIN TYP MAX 


UNIT 


t PI_H Propaoaticn ue!:y tim^. i^\ to-ni^h-level output 


4 


Ci_ = 15 pF, R L -3.9 kn 


25 85 


ns 


tFUL rropat,dlion tie's,' Vme, higiYio-k-.vV-level output 


C L » 15 pF. R L = 330 'A 


25 50 


rriu Transition tirnv low-tu-hi;<h-iev^l 3t.lr.Jt 


C L - 15 pF, R L -3.9k!i 


120 175 


ns 


'ThL Transition time, hi-j'v'a-low l^vfl outout 


C L = 15 pF, R L = 390S2 


10 20 



.'T. V, hj^; 



PARAMETER MEASUREMENT INFORMATION! 

'OH 



x>- 



RE5PON5E 

CONTHOL 



OPEN 

UNLESS 

OTHEHWrSE 

SPECIFIED 



B C 



»OL 1 I -f- 



FIGURE 1-V T ,.,V T _,VoH.VOL 



vcc 




'CC '* tested for all four 
receivart simultaneously 



FIGURE -2-l, H . I||_. «CC 



vcc 



i RESPONSE -i 

CONTROL 

OPEN 



FIGURE 3-Iqs 



i •— 



PULSE 
GENERATOR 
liH NoiP At 



(Sec Note C) 



<10nj 

INPUT 



50% 



rO ISm Not* CI 

' -±r C L - IE pF 



^ 



— 1 i— ° 



• so* 



JSLjg- ov 

r» «4— <PLH 



b V 

10% 



1.5 V 

10%. 



^ !- 



v OH 



vol 

•J— 'TLH 



TEST CIRCUIT 

NOTES: A. The pulse generator hr-s the following 

characteristic: Z Dut «- 50 H, ^ - 500 ns. 

B. C L includrs probp and >ie capacitance. 

C. All diodes ari 1N30'j4 cr equivalent. 

FIGURE 4-SWITCHING TIMES 
t .Arrows indicate actual direction ol currant flow. Current into a term na\ Is a positive value. 



VOLTAGE WAVEFORMS 
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ll*89 cont'd 



TYPICAL CHARACTERISTICS 



SN75189 

OUTPUT VOLTAGE vt INPUT VOLTAGE 





t c • * w ! 

VC-5V ] 


hq - u kn 

Vc-SV 


1 
'Rc-- 




1 1 

Re - n kit 
V C • -5 V 




VCC-5V 
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- 1 1 " vt» 
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S 



Vt-tnput Vo!l4v*-V 

FIGURE 5 



SN75189A 

OUTPUT VOLTAGE « INPUT VOLTAGE 
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SV 
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TYPICAL CHARACTERISTICS 



2 3 



< 



SN75189 

NOISE REJECTION 



V C c - 5 V 

TA - 25°C 

-See Note 3 




10 10 10C 400 1000 400010 000 

t w -Pulse Widtn-ns 
F13URK 9 



SN75189A 

NOISE REJECTION 




40 100 400 1000 400010 000 



t w -Pulse Width-ns 
FIGURE 10 
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vs 
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-Control oper 
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FIGURE 11 
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THERMAL INFORMATION 
DISSIPATION DERATING CURVE 
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FIGURE 12 



NOTE 3; This figure thows the maximum amplitude of a potiti^t^o.r.o puis* *l.et, starring from zero volti, will not cau«e a change of the 
output level. 
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general description 

The CD-1001M/CO4001C is a monolithic complemen- 
tary MOS (CMOS) quadruple two-input NOR gate 
integrated circuit. N and P-channel enhancement mode 
transistors provide a symmetrical circuit with output 
svyings essentially equal to the supply voltage. This 
results in high noise immunity over a wide supply 
voltage range. No cc power other than that caused by 
leakage current is consumed during static conditions. 



All inputs are protected against static discharge and 
latching conditions. 

features 



Wide supply voltage range 

Low powjr 

High noise immunity 



3V tc 1 EV 

10 nVV (typi 

0.45 V DO Itvp) 



schematic and connection diagrams 



«o— wv — •■ 



-Wv— — t 



i- * 



— •— Ov 

i 




sbf:oSuto maximum ratings 



Voht.ge at Ariy Pin (Note t; 
Operating Temperature Range 

CD4001M 

CD40C1C 
Storf ge Temperature Range 
Package Disr.ipation 
Opei jting V D0 Range V^ + 3.0V to Vss + 1 5V 

U'cd Temperature (Soldering, 10 seconds) 300°C 



Vss - 0.3V to V OD + 0.3V 

-55°Cto+125°C 

-40° C to +35°C 

-65°Cto+150°C 

500 mW 



dc electrics! characteristics cd40oim 




















1 ~^ 


LIM'TS 




PARAMETER 1 CONDITIONS 


-55°C 




3C 




12S"C 


UNITS 




MIN 


TYP , VAX 


MIN 


TVP 


MAX 


MIN 


TYP 


MAX 




OjL'ie.v-ent Device 
Curri-T. (I L ) 


v oc - f.V 
Voo ' 10V 


! 


0.05 
0.1 




0.001 
0.001 


0.05 
0.1 






3 
S 




Cn.--esc"nt r.'jv-ce Div-si- 
M?i'<r 'l-ao-aye |Pr,i 


V ct > - 5V 
V D0 - 10V 






0.25 
1 




0.005 
0.01 


0.25 
1 






15 
60 




CMDut Vu : !Me Low 
UvrllV OL ] 


Vpo -=V. V, - V on ,l c -0A 
Vol. ' 10V, V, - V Dr . , c « 0A 






001 

0.0! 








0.01 
0.01 






0.05 
0.05 


V 
V 


Output Voltage H.gn 
Live' (V OK .| 


V ov «EV. V, >V 55 . ! c -0A 
V„ c .1W.V, - V SJi , l ■ 0A 


-".99 
993 






4.99 
3.99 


5 
'3 




4.95 
9 95 






V 

V 


No-se Immunkf 
!V,j, 1 (All Inputs) 


v r. t "6V. V « 3.5V, lj ■ OA 
V o o-10V.V o »?.2V.t -0A 


i.5 
J 






1.5 
3 


2.:s 

45 




1.4 
2.9 






V 
V 


No;** lmmur.it> 
(V„ H > (All inputs) 


V'oo * 5V. V Q -0.95V. i c -CA 
V co - 10V, V„ - 2.9V. l o «0A 


1.4 
2.9 






1.0 
3 


2.25 
4.5 




1.6 
3 






V 
V 


Csitp.it Drive Current 
N-Crtjniicl ll~.Ni 


V-„ « 5V, V Q -0 4V. V, -V„ c 
V rD - 10V V Q ■ Q.5V. V, - V so 


0.E 
1.1 






0.40 
0.9 


1 
2.5 




0.28 
0.65 






mA 
mA 


C :p.:t IjriVC C'jrrenl 
P-C.Ti.nrwl (IcP) 


Voo - S>V. V -2.5V, V, - Vi- b 
V D ,-1CV, " c "9.5V.V . ..'l s 


-0.B2 
0.62 






-0.0 

-0.5 


-1 




-035 
-0.35 






mA 
mA 


input Current ilj 












10 
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" - — 

CONDITIONS 


LIMITS 




PARAMETER 


-4DX 


25 l C 


85° C 


UNITS 




MIN 


TYP 


M«X 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 




Oi/ie r.ei il Device 


V a:3 « SV 






0.5 




0.005 


0.5 






15 


MA 


Current (i t ) 


Vr, D -10V 




5 




0005 


5 






30 


*iA 


Qjie;cent Device Dissi- 


V DO - 5V 






2.5 




0.025 


2 5 






75 


(jW 


palicn'Packag? (P D ) 


V co - 10V 






50 




0.05 


50 






300 


(jW 


Output Voltaoe Low 


V CL . -5V. V ; - V 00 . I -OA 






001 







0.01 






0.05 


V 


Level (V 0t 1 


V DO - 10V. V; - V OD . I -0A 






0.01 







0.01 






0.05 


V 


Cj'.r j; Voltaye High 


V 0D *5V. V,-V ss . lo "OA 


4 99 






499 


5 




4.95 






V 


Lmre IV OH ) 


V DD ■= 10V, V, - V 5S l -OA 


9.99 






9.99 


10 




9.95 






V 


Noist Immunity 


V CD * 5V V - 3.6V. I - (JA 


1.5 






1.5 


2.25 




1.4 






V 


(V N _I (All Inputi! 


"-... = 10v' V G = 7.2V. I - OA 


3 






3 


4.5 




2.9 






V 


Noisf Immunr.v 


'.. .,o bv V... -0.95V, l -OA 


1.4 






1.6 


2.25 




1.5 






V 


<V N „, (All Inp.iu 


V-c, - 1 jv Y = 2.9V, l - OA 


2.f 






3 


4.5 




3 






V 


Output D;.v* Ojfie:,- 


Vrjc «bV, v„ = 0.4V. V, - V 0D 


35 






0.3 


1 




0.24 






rnA 


N-Cl »n-iel iIq'.' 


-o; ' 1CV. V L -3.EV. V, -- V CD 


0.V2 






0.6 


2.5 




0.48 






mA 


OuluuT L> v? C l: rent 


V nD -5V V -2.5V. V,« V ES 


-0 35 






-0.3 


-2 




-0.24 






mA 


r-Ct.innj! '.--''*- 


V' tD = I'.iV. V.j-B.bV.V. »V E5 


-0.3 






-0.25 


-1 




-0.2 






mA 


Inpu; Currcnr <'. . 












10 










PA 



Noli 1: Tim dc-vice should r-ot be connected to circuits with the power on because high transient voltages may cause permanent damage. 



ac electrical characteristics cdiooim 

T A - 25° C ana C L - 1 5 pF and input rise and tall times = 20 ns. Typical temperature coefficient for all values of V OD = 0.3%/°C. 



PARAMETER 



Propagation Delay Time Hgh 
to Low Level (t PH L) 

Propagation Delay Time Low 
to High Level (t PLH ) 

Transition Time High to Low 
Level Utml) 

Transition Time Low to High 
Level (t rL „) 

Input Capacitance (Ci) 



CONDITIONS 



= 5V 
= 10V 



VoD 


-5V 


v DO 


- 10V 


v D0 


= 5V 


Voo 


= 10V 


Voo 


= 5V 


Vdd 


= 10V 


Any 


nput 



MIN 



TYP 



MAX 



35 


65 


ns 


25 


40 


ns 


35 


65 


• ns 


25 


40 


ns 


65 


125 


ns 


35 


70 


ns 


65 


175 


ns 


35 


75 


ns 



UNITS 



pF 



ac electrical characteristics C04001C 

T A = 25°C and C L - 15 pF and input rise end U\\ tifnes = 20 ns. Tvpical temperature coefficient for all values of V DD • 



0.3%/°C. 



PARAMF.TER 



Propagation Delay Time High 
to Low Level (tp HL ) 

Propagation Delay Time Low 
to High Level (tp LH ) 

Transition Time High to Low 
Level (t THL ) 

Transition Time Low to High 
Level (t TLH ) 

Input Capacitance (C,) 



CONriTIOfJS 



Vod = 5V 
V oc = 1° v 

V DO - W 
V nD = 10V 

V OD = SV 
V DC = 10V 

V DD = 5V 
V DD = 10V 

Any Input 



MIN 



TYP 



35 
25 

35 
25 

65 
35 

65 
35 



MAX 



80 
55 

120 

65 

200 
115 

300 
125 



UNITS 



ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

pF 
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genera! description 

The CD4013M/CD4013C dual D flip-flop is a 
monolithic complementary MOS (CMOS) inte- 
grated circuit constructed, with N and P channel 
enhancement transistors. Each flip flop has inde- 
pendent data, set, reset, and clock inputs and, 
"Of and "Q" outputs. These devices can be used 
for shift register applications, and, by connecting 
"Q" output to the data input, for counter and 
toggle applications. The logic level present at the 
"D" input is transfered to the Q output during the 
positive-going transition of the clock pulse. Set- 
tling or resetting is independent of the clock 
and is accomplished by a high level on the set 
or reset line respectively. 



features 

■ Supply voltage range 



3V to 15V 



• Noise immunity 

■ Low powei 

■ Medium speed operation 



applications 

■ Automotive 

■ Data terminals 

■ Instrumentation 

■ Medical electronics 

■ Alarm system 

• Industrie; 1 electronics 

■ Remote metering 

■ Computers 



0.45V DD (typ) 

50 nW (typ) 

10 MHz (typ) with 

10 volt supply 



schematic and connection diagrams 




ft, CLOCK! MMT! DftTat Mil 

L._k 



t 



^4 



A, emeu ««n o»t*i 



nwinuiH 1 1 H- iWMICTII Tt « B 



absolute maximum ratings 



Voltage at Any Pin (Note 1) 
Operating Temperature Range 

CI54013M 

CD4013C 
Storage Temperature Raige 
Package Diisipct:n-> 
Leon" Temperature (Soldering. 10 sec) 
Operating V DD F\ange 



V ss - 0.3V to V ss + 15.5V 

-55°Cto+125°C 

-40°C to +85°C 

-65°Cto+150 = C 

500 mW 

300° C 

V ss + 3V to V ss + 1 5V 
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dc electrical characteristics 




N„„ V D«v,c. S should not bs comwcnd w .th P°«er on. 
-T«t km forced w,, h the foilin g sequence of Vs and 




lectrical characteristics «T*-25°c»"dC,-i5pF 

,1 Temwrature Coefticem for all values of V OD - 0.3../ 



ac e 

Typical Temperatu 




h tlMHi 
CIM01 W 1 "»°'* 





r 


'50 


750 1 


. j 


■m] 


250 


10 
5 

10 
5 


1 75 1 
1 ' 5 1 


no I 
135 1 


; 


75 
'5 1 


'25 

150 


1 w 


70 1 


l 


50 


75 


1 l2S 1 


W5 1 


- i 


125 


*» 


I w 1 


80 




50 


* | 


5 


<5 1 




15 






>0 1 * 
5 1 " 

10 1 


20 


*0 


5 


20 


50 


10 


20 




'0 


1 25 




t 




25 






'0 


1 7 


'0 




5 


10 
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truth table 



logic diagram 



CL1 
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Q 
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f 














1 
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1 








1 





"\_ 


x 











Q 


X 


X 


1 








1 
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« 





1 


1 
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x 
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1 




* 



No change 
• ■ Invalid condition 
** ■ FF1/FF2 terminal assignments 
t ■ Level change 
% * Don't care case 
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£>o-oo 



switching time waveforms 
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i 1 1 1 i 1 


"BESET F0 

clock -1 


M 


01TA _i. 


l— we 

1 ' ' z 


. - £i( - -SJ 


N 


t 



CGS/f£®S 

Presettable Sivicse-By-'N' Counter 

Special Fearurss 

■ Medium speed operation 5 MHz (typ.) at V OD - Vss - 10 V 

• Fi.i!y stati; operation . , ,01 

■ MSI complexity on a single chip 

Application': 

■ Fixed and pro^mmaiie divide-by-10. 9, 8. 7, 6, 5. 4, 3, 2 counters 

■ Fixed and pror-ammatle counters grrater than 10 

• Programmable decade counts . Freouency divi , ion 

• Di»ide-by-"N" counters/frequency synthesisers ■ Counter control/timers 



CD4018A_ types consist of 5 Johnson-Counter stages 
bu;fe,ed Q outputs from each stage, and cornier -reset 
control gating. "Clock". "Reset". "Data". "rYeset tna',1..' 
and I o individual "Jam" inputs are provided. Divide bv -,0. s' 
6. 4. or 2 counter configurations can be implemented bv 
feeding the OS, 04, Q3, Q2. 01 signals, rescec.ively. bo« to 
the Data input. Divide-by-9, 7. 5, or 3 counter configurations 
«n be implemented by the use of a CD4011A gate package 

For maxi-num ratings, see page 22. 



to properly gate the feedback connection to the Data input. 
D.v.d-j-by functions greater than 10 can be achieved by use 
of rrw.tinle CD4018A units. The counter is advanced one 
count at trie positive clock-signal transition. A "high" Reset 
signal cleais the counter to an "all-zero" condition. A "high" 
Ksset Enable signal allows information on the Jam incuts to 
preset the counter. Anti-lock gating is provided to Lssur-j the 
proper counting sequence. 



<?j-. .9- -9-. 

f 1 vp fi 




Fig. 13. 1-L.ogir diagram. 



("DATA ' INPUT TIED TC Q s FOR DEC»CE COUNTER CONFIGURATION' 

RESET f"\ j i j 1 I 1 ' ! ' ' ' : ! 



Si 
5i 
03 



rx. 



n 



i : ! I I ' ; ' 

j ■ I j : ' i ' ; : I 

•" D0» T C*I»E UNTIL PRESET GCEi MiGh. 




5i-5-»--.P>'2 



Fig. 13.2-Timing diagram. 
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STATIC LLECTRICAL CHARACTERISTICS (All inputs V SS < V| < VrjoJ 

(Recommended DC Supply Voltage (V D0 - V ss ) J to is VI 

































CHAP.AC 


CHARACTERISTIC 


SYMBOL 


TEST 




CD4018AO. CD4018AK. CD4018AF 


- 


UNITS 


TERISTIC 
CURVES 
& TEST 
CIRCUITS 
Fig No 








•'0 1 Vnr '' 




56°C i Jfr°C ! 


125°C 


/OIK 


Voltt 


Mm i 


Typ. 


1- 

b ; 


Mm ! T,p. 1 IMJ« | 


Mm ' 


Tvp 


M^ 


Quiescent Device 
Current 


'L 






5 


-J±L ! 5 1 


- 


300 


mA 


13.9 


10 


- I 


- ij o 1 -j l ' 5 ._; - c j- 


- 1 - 


600 


Quiescent Device 
Dissipation Package 


PQ 






5 


1 


. 


25 1 - 1 1 5 | 25 | 


- ! - 
— 1 


1500 


uW 
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10 
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100 
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5 I 


100 1 

001 j 


-'-{ 




6000 
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Low Level 
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_ j 


_ 


001 
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05 
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1 1 
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4 


- 
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. 


45 


o rOlSS 




- 


15 1-04 




-0 105 


- 


j 


mA 
- 


♦ 
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95 
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-0 35 


.1 1 - 


p0 25 
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(0 04 
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Input Current 
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AKBIf NT TEMPER*! uSc (V • £5*C ~~"*j;"'— ]— ' 

TYPICAL TEWEH.VTJBE fiDEFFIt'lNT FOP ~^--_ XZ~t~^~:'i 
A.,. VALUES OF V c rj - :3V, .'°C . ■ I -■ ' 



i— looof— r-- — - — t" — ~i — r! + 

, I ttr:.-:--;.^::{r-: ? ,^ LT «j! k;;J.- 
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; S sos 
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ib "30 <o " i T j "" so 

'.■•AC CAPACITANCE tC L l — pF 



r_-i 



I j AMBIENT TEMPERArjPE (T A !'25'C EHHtrKEfESs 

IS ; TYPICAL TEMPESArufic. FOR ALL r^^lt -* '. j^¥?-Sl 

!i 6001 values of v 0L ■»«« '■^^~ : --h^TX7'zZ'- 







r- 
:rt: 




ICi 20 30 40 DO EC 

LOAD CAPACITANCE (C L I — PF 



F,g 13 3-Tyo. propagation deiiy umt vs Cj_ 
tor decora" c-ntputs. 



fig. 13.4-Typ. propagation delay time vz. 
Ci_ '^ r Q5 output. 
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STATIC ELECTRICAL CHARACTERISTICS (All inputs V ss < V| < V DD ) 

(Recommended DC Supply Viltagu I Vfjp - V55I '. . . 3 to 15 V! 



CHARACTERISTIC 


SYME 

'L 


OL 


T 

CONC 






LIMITS 


UNITS 


CHARAC 
TERISTIC 
CURVES 
& TEST 
CIRCUITS 
Fig No 


EST 
MTIONS 


CD4018AE 




v, |v DD 

Volts j Vo'ts 




-40° C 






25°C 






85°C 




M.n. 


Tvp 


M-x 


Mm 


Tvp 


Max 


Mm 


Tvp 


Max 


Quiescent Device 
Current 






1 5 

ho 


- 


1— 
- 


60 


__ 


05 


50 


- 


- 


700 


UA 


13.9 


- 


- 


100 


- 


1 


100 


- 


- 


1400 


Quiescent Device 
DiSS1Mt10n.Pdck.19e 


pd 






' 1 5 


- 




.50 


~ 


25 


250 


_ 


_ 


3500 


*AV 


- 


! 


" 


- 


1000 




10 


1000 


- 


- 


14000 


Output Voltage 
Low level 


J OL 


1 
I 

1 




, 


~ 


- 


001 


- 





001 


_ 


_ 


05 


V 


- 






- 


001 


- 





001 


- 


- 


005 


H,gn Level 


V H 


i 




» 


4 VI 


- 


- 


4 99 


5 
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- 


1 5 


? 25 


- 


1 5 


- 


- 


V 


- 


9 


'.(; 


" C95 







3 


46 


-. 


3 


- 


- 


Output Drive Cui"»ot 
N Channel 


; l/ J 


Q5 


05 


5 


08 


04 




0065 


- 


- 


mA 


♦ 


OB 


10 


03 




- 


25 


1 




02 


- 


- 


QlQ 2 
Q3G4 


05 


5 


03 
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*Sm Appendix 



AMBIENT TEMPERATURE (T i ].25"C 
TYPICAL TEMPERATURE COEFFICIENT FOB 
ALL VALUES Q? V nr ■ O. 3 %/". 







LOAD CAPACITANCE fC L )—pF 



AMBIENT TEMPERATURE (T fl l ■ 25'CL" L ~ tH I~JtM"! ^~7 7t".'^'~~- 
TYPtCAL TEMPERATURE COEFFICIENT. 




3JC.3 .78^8 



10 20 30 40 50 €0 ?0 50 

LOAD CAPACITANCE (C L ! — pF 

92CS-I7BTSJ 



Fitj. l3.5~Typ. t'sisition t ; tr.t v% C{_ for 
detode-i outpms 



f/g. 13.6— Typ. transition time vs. C^ for 
&5 output 
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1+016 cont'd 



,AMC:£NT TEMPER -.TURE (T A ) . ifc '-1-LI— '. U,._-U^_J 
iLOAO CAPACITANCE (C,_ ) • 15 pF Xjl !„ f ~ ifct 




f /^. 73. 7- Typ,cat clock frequency 
'"■ V DD. 



AMBIENT TEMPERATURE (Tjl^'C 
NPLT 1, "f ° 20fis 




INPUT CLOCK FREQUENCY (f CL > — km 



92CS-I7829R. 



/vj. 13.3-Typ. dissipation characteristics 
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>A 
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fig. 13.9-Quiescent device current test circuit. 



EXTERNAL CONNECTIONS FOR DIVIDE 
»T 10, 9 8. J. 6, », ., 5 OPE RATION 



DIVIOE BY 10 
DIVIDE 8Y 6 
OIViCE BY e 
DIVIDE BY 4 




Fig. 73. 10—Notse immunity test circuit. 



8, CONNECTED NO EXTERNAL 
. \ BACK JO COMPONENTS 

1 ' DATA' I REQUIRED 

0J J 



h-L 



. CONNECTED BACK TO "DATA* 
(SKIPS "ALL-Ci" STATE) 



DIVIDE BY 7 

,.1/2 CD4QIIA 



«j > 4 >~^ CONNECTED BACK 

57~P ^ \^ J iSKiTS "ALL- It' 



i TO DATA" 
" STATE. 




CONNE.-TE- BACK TO "DATA* 
'ShJF-Q "ALL-ri" STATtl 



OlVlOE BY 3 

1/2 CD40.IA 



COHNtCi"- BACK TO "DATA" 

>5i>".?i 6i L- V STATE] 



f/p. t3. 11 -External cpnnecz/ons for divide by 10,9,8,7, 
6,5,4,3 operation. 
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U018 cont'd 



DYNAMIC ELECTRICAL CHARACTERISTICS at T A - 25°C. C t - 1% pF. 

•nd input rise and fall times - 20 ns except t,CL, t,CL 
Typical Temperature Coefficient fo» iii »aiu»s t y DD zo.s-.^c (See Appendix for Waveforms) 



CHARACTERISTICS 



TEST 
CONDITIONS 



CLOCKED OPERATION 



CD4018AC 
CD4018AK 
C040ISAF 



Maw. J Mm. jTyp. , Max 



CHARAC- 
TERISTIC 
CURVES 
& TEST 
CIRCUITS 
Fig No. 



Propagation Deldv Time 
To Q5 Output 



To Other Outputs 



Transition Time 
To Q5 Output 



To Other Outputs 



Minimum Clock 
Pulse Width 



Clock 

Rise & Fall T11 



Data input Set Up Time 



Manimum Clock 
frequency 



'PHL " 
"PLH 



'THL : 

'TLH 



'WH 



'rCL- 

'fCL 



.150 1000 
135 250 



; mc i:oo 

j 200 400 



-|-~ + 



300 
150 



- j 360 j 1300 

- 125 ! 300 



500 1 1600 
200 i 600 



100 350 
50 1 200 



200 500 

100 170 



600; 
200 



_06_J_5 
2 5* 



Input Capacitance 



I PRESET- OR RESET OPERATION 



Propagation Delay Time 
To Qc Output 



To Other Outputs 



l PLHIRl' 



Preset or Rfse! 
Pulse Width 



Preset or Reset 
Removal Time 



'VVH'Pl- 
HVHIPHi 



At Preset Enable or Jam Inputs 



— U- 



500 1200! - 



400 - 200 500 



__5 ;_ 

13 j 



3C3 1000 
100 275 
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1+070 (MM7 ) +C86 is similar, not an exact replacement) 



general description 

Employing complementary MOS (CMOS) transis- 
tors to 3ch : 5v? wide power supuly operating range, 
low power consumption and hig". rox margin 
these gates provide basic tunr.fons used in tne 
implementation of digital integrated circuit systems. 
The N and P-channel enchancement mode transis- 
tors provide a symmetrical circuit with outout 
swing essentially equal tu the supply voitaqe. rJo 
dc power other than that caused by leakage 
current is consumed curing static cond.non. All 
inputs are protected from damage due to static 
discharge by dio'Je clamps to V cc and GND. 



features 

■ Wiae supply voltage range 

■ Guaranteed noise margin 

■ High noise immunity 

" Low power 

TTL compatibility 



Low power 
consumption 



3.0V to 15V 

1.CV 

0.45 V cc typ 

fan out of 2 
driving -'4L 

10 nWpack.'.je typ 



connection diagrams 



MM54CC8/MM74C08 




T=r 



MM54C36/MM74C86 

« «Y )' IS 

3 II Ml Mi 



m rt n Q*o 




truth tables 



MM54C08/MM74C08 



INPUTS 


OUTPUT 


A B 


'' i 


L L 
L H 
H L 

H H 


L 
L 
L 
H 



MMS1C36rAvl74CSa 



INPUTS 


OUTPUTS 


A 6 


Y 


L L 
L H 

H L 
H H 


L 

H 
H 

L 



H - High Level L» Low Level 
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hO'JO cont'd 

absolute maximum ratings (Note i; 



Voltage at Any Pin 
Operating Temperature Range 

MM54C03, MM54C36 

MM74C0a. MM74C86 
Storage Temperature Range 
Package Dissipation 
Operating V cc Rar.ge 
Absolute Maximum V C c 
Lead Temperature (Soldering, 10 seconds) 



-0.3V to V cc +0.3V 

-55°Cto+125'C 

-40° C to +S5*C 

-65°Cto+15C°C 

500 mW 

3.0V to 15V 

16V 

300°C 



dc electrical characteristics 

Min/max limits apply acoss temperature range, unless otherwise noted. 



PARAMETER 



CONDITIONS 



CMOS TO CMOS 



OUTPUT DSIVE (See 54C 74C Familv Characteristics Data Sheetl 



Logical "1" Input Voltagp {V| M| ,) 


V cc = B.OV 
V cc « 10V 


3.5 
8.0 






V 
V 


Logical "0" Input Voltage IV IN , ,J 


V cc ' S.OV 
Vcc " iOV 






1.5 
2.0 


V % 

V ' 


Logical "1" Output Voitzye 

«V UT(t|) 


v/ C c -5.0V.lc. «-10uA 
V cc * 10v . lo * "lOuA 


4.5 
9.0 






V 

V 


Logical "0" Output Volt 'ge 
l v ouTI0>l 


V cc ' 5.0V, 'o • +10uA 
V cc ' 10V. 'o " *">'-A 






0.5 
1.0 


V 
V 


Logical "1" Input Current Oiniii' 


V C c * '5V, V, N • 15V 




0.005 


1.0 


("A 


Logical "0" Input Current (li N (o>l 


V :c - 15V, V, N = 0V 


-1.0 


-0.005 




"A 


Supply Current !l C c* 


Vcc " 15V 




0.01 


15 


"A 



CMOS/LPTTL INTERFACE 












Logical "1" Input Voltage iV, Nl1) ) 


54C, V cc " 45V 
74C, V cc '* 4 '5V 


Vcc" 15 
V cc -1.5 






V 
V 


Logical "0" Input Voltage <V lN < || 


54C. V cc ' 4 - 5v 
74C, V cc ' 4 -'5V 






0.8 
08 


V 

V 


Logical "1" Outpu' Vcltaqe 
IVoot.h) 


54C, V;c - i 5V. lo * -360wA 
74C. V C c * 4.75V. I = -360uA 


24 
2.4 






V 
V 


Logical "C" Output Voltage 


54C, V cc - 4.5V, l = »360mA 
74C. V cc - 4.75V. l n = *360uA 






0.4 
0.4 


V 
V 



Output Source Current l!<-,OvRCE* 


V cc = 5.0V. V OOT • OV 


-1.75 


-3.3 




mA 


(P-Channel) 


T» - 25 J C 










Output Source Current I 'source' 


V cc - 10V, V OUT -ov 


-8 


-15 




mA 


|P-Channel| 


T A - 25= C 










Output Sink Current (I S ink ) 


V cc = 5.0V. V OUT "Vcc 


1.75 


36 




mA 


(N-Channel) 


T A * 25' C 










Output Sink Current (l s , NK 1 


Vcc • 10V. V PUT - V cc 


8.0 


16 




mA 


(N-Channel) 


T 4 « 25°C 
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ac electrical characteristics 

! (MM54C08/MM74C08) T A = 25 J C, C L = 50 pF, unless otherwise specified. 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Propagation Delay Time to Lc-qical 
"1"or "0" lt„i 


V cc -- 50V 
V cc ' 10V 




, 80 
40 


140 

7P 


> 


Input Capacitance !Cin ) 


Note 2 




50 




(■' 


Power Dissipation Cao^otance (Cp.i) 


Note 3 Per Gate 




14 




pF 



ac electrical characteristics 

(MM54C86/MM74C86) T A = zb J C, C L = 50 pF, unless otherwise specified 



PARAIVETEF! 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 




Prooaca"on D^ie/ T mt- to Logical 


V cc - 5 0V 




110 


185 


m 




"for "a 1 ' lt pa ) 


V cc = 10V 




50 


90 


n r . 




■ lnpu r Capacitance IC,^) 


Note 2 




5,0 




pF 




Power Dissipation C.;D<i<-'ranre (C. ,! 


Note 3 Per Gate 




20 




tlF 





Note 1: "Absolute Mj<imum Ratings" are those values bevond which the safety of the device cannot oe gmrjinend 
Except for "Operating R,'nge ' they arc not meant to imply that the devices should be operated at these 1 tii-i Tt.e table 
of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance is quaranieed by periodic testing. 

Note 3: Cpd determines the no load ac power consumption of any CMOS device. For complete explanation sec 54C/74C 
■ Family Characteristics application note. AN-90. 



typical performance characteristics 



Propagation Delay Time vs 
L03d Capacitance 

MM54C0S/MM74C08 




HI 100 ISO 

C L - LOAD CAPACITANCE l»f I 



Propagation Delay Time vs 
Load Capacitance 
MM54C86/MM74C86 




SI 100 

LOAD CAPACITANCE (pF} 



ac test circuit 



switching time waveforms 



. O — H«\>— e)-ov ui 



T 



C • 50 »F 



«0TE: 0ILAYS MEASURE!) ttltH INPUT I,, t, ■ 20 n 



^K" 



—J r— - 



,/*m »os\ 

W l/so* m.\ 

OV f I *■ 



Vdut 



—I r— l^o — i '— 



-7 V 

/so* so%\ 
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6800 



MICROPROCESSING UNIT (MPU) 
The MC6300 is a monolithic 8-bit microprocessor forming the 
central control function for Motorola's M6800 family. Compatible 
with TTL, the MC5800, as with all M6800 system parts, re- 
quires only one -^S.O-voit power supply, and no external TTL 
devices for b'js interface. 

The MC680C is capable of addressing 65 k bytes of memory with 
its 16-bit address lines. The 8-bit data bus is bidirectional as well as 
3-state, making direct memory addressing and multiprocessing 
applications realizable. 

• Eight-Bit Farallel Processing 

• Bi-Directional Data Bus 

• Sixteen- Bit Address Bus - 65 k Bytes of Addressing 

• 72 Instructions - Variable Length 

• Seven Addressing Modes - Direct. Relative, Immediate, Indexed, 

Extended, Implied and Accumulator 

• Variable Length Stack 

• Vectored Restart 

• Maskable Interrupt Vector 

• Separate Non-Maskable Interrupt - Internal Registers Saved 

In Stack 

• Six Internal Registers - Two Accumulators, Index Register, 

Program Counter, Stack Pointer and Condition Code Register 

• Direct Memory Addressing (DMA) and Multiple Processor 

Capability 

• Clock Rates as High as 1 MHz 

• Simple Bus Interface Without TTL 

• Halt and Single Instruction Execution Capability 



^to&fiiV 




. v ,'^p 



CERAMIC PACKAGE 
CASE 699 



M6300 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 



M Co SCO 
Microprocessor 








i 










Read Only 
Memory 




i 


















Random 
Access 




( 






1 


Memory 








Interface 
Adapter 




i 


















Interface [■ 
Adaoter L 




1 










' 





Address Data 
Bus Bus 



w 

h- 



Modem 



Input 7 
Output 
Control 



MC6800 MICROPROCESSOR 
BLOCK DIAGRAM 



Data Bus 



Address Bus 





Data Registers 
and Buffars 




Address 
Registers , 

and 
Buffers 




i 


' I 




i 


i i 


i 




. $ 










ALU 




1 








! 






-*-i 

















D-8U 



D COMPONENT DESCRIPTION S 
D.6 INTEGRATED CIRCUITS 

6800 cont'd 
MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


^CC 


-0.3 to +7.0 


Vdc 


Input Voltage 


v in 


-0.3 to -r/.O 


Vdc 


On ; r=ting Temperature Range 


T A 


to f 70 


°C 


Stoftge Temperature Range 


T stg 


-55 to +1 50 


°C 

- 



This device contains circuitry to protect the 
inputs against damage aue to high, static volt- 
ages or electric fieids; however, it is advised rhat 
normal precautions be taken to avoid .ipctics- 
t:ori of any voltage h:gher than maximum rated 
voltages to this h<gh impeaance circuit. 



ELECTRiCAL CHARACTERISTICS (V cc - 5.0 V± 5%, Vc;s - 0. T A =25°C unless oth 



erwise noted.) 



Characteristic 



Input High Voltage (Normal Operating Levels) 



Logic 

01.02 



Input Low Voitage (Normal Operating Levels) 



Logic 

01,02 



Input High Threshold Voltage 



Symbol 



V|H 



V| L 



Mm 



Vss + 2.4 
V CC -0.20 



Res£t,Niv1l,Halt,IRO",Data 



Input Low Threshold Voltage 



Reset,NMI,Halt,IRO,Dat3 



Input Leakage Current 

(Vjn-Oto 5.25 V, V cc - 0) 



Logic* 

01.02 



Three-State (Off State) input Current 
( V jn = 0.4 to 2.4 V, V cc = max) 

Output High Voltage 

< ' Lo3d =-100 V Adc, V cc -mini 



Data 
A0-A15.R/W 



Output Low Voltage 

"-oad = 1-6 mAdc, Vcc = m ' n ' 



Powc Dissipation 



V|HT 



VlLT 



'TSI 



VOH 



vol 



Capacitance 

« v 'in " 0- 1"a " 25°C, f - 1.0 MHz) 



Logic 
Data.TSC 

01,02 

A0-A15.R/W 



Frequency of Operation 



Clock Timing For 1-MHz Operation (Figure 1) 
IC c!cck «200pF) 
Cycie Time 
Clock Pulse Width 

(Measured at Vcc "0.2 V) <j>1 

02 
Rise and Fall Times 01,02 

(Measured between 0.2 V and Vcc -02 V) 
Delay Time or Clock Overlap 
(Measured at 0.2 V) 



Vss -0-3 
V S S "0.3 



Typ 



V SS + 2.0 



Vss * 2 - 4 



*cyc 



PW, 



0H 



tr.tf 



Max 



Vcc 
V C c + 02 5 



Vss + 0.4 

Vss + 02 



V S S + 0-8 



0.600 



0.1 



1.0 



430 

470 



Us 



2.5 

100 



10 

100 



Vss * 0.4 



1 2 



Unit 



Vdc 



Vdc 



Vdc 



Vdc 



MAdc 



;iAdc 



Vdc 



Vac 



vv 



10 

15 

200 

12 



1 



25 



pF 



PF 



MHz 



JJS 



•Except IRC, and IMMI, which require 3 kCl puilup load resistors for w,re-OR capability at optimum operation. 

READ/WRITE TIMING Figures 2 and 3, f - 1.0 MHz, Loading - 130 pF and one TTL Load except VMA and BA Loadin- - 30 pF 

and en? TT'L Load. 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


fiead/W'-if S<: tup Time from MPU 


T ASR 


- 


100 


300 


ns 


Address Sr.r.-p T'mj from VPU 


T ASC 


- 


100 


300 


ns 


Mem jry Heiri Access Time 
'eve" '~ASC * T DSU <-U'> 


T ACC 


- 


- 


575 


ns 


Data Setup Timp 


T osu 


100 


_ 


_ 


ns 


•HdJ'c5s St vp 7i lie from IVirM ;c VMA 


r vsc 


- 


150 


:oo 


ns 


C?.'i HO'i 1 .me 


T H 


10 


30 


— 


ns 


E rif-b'i! H;rh Time for DBE InpMt 


Tc; 1 


47 


_ 




ns 


Data Se'.up Time from MPU 


— :±L C .J 


_ 

j 


150 


200 


ns 








— — 
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6800 cont'd 



FIGURE 1 ~ CLOCK TIMING WAVEFORM. 




FIGURE 2 - READ DATA FROM MEMORY OR PERIPHERALS 



Start of Cycle 



01 



02 



A 



2.0 V 



R/W 



V cc -0.2 V 
2 V 



l-» T 



ASR- 



From MPU . 8 v^X-i^i. 



VMA 




Data 

From Memory 
or Peripherals 



\ 



/ 



1 ACC" 



2.0 V- 



0.8 V- 



y 



0.2 vY 



IDSU- 




.2.4 V 



2.4 V 



""^ 



0.4 V 
2.4 V 



^\^s^$$^> Data Not Valid 
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6800 cont'd 



FIGURE 3 - WRITE DATA <M MEMORY OR PERIPHERALS 



* 1 2 V/ 


y Start of Cycle 












u V CC - 0.2 V \ 


*2 \ 




V CC - 0.2 V : 


\ 


I 


T AS R - 


— 2.0 V 


. ,., * « 


R/W 




I ! 




? 4 V 


Address 2.0 V 
Fron MPU 0.8 V_ 


p^><Sr" 


f^s-„.„ 


2.0 V — 
VMA 


»_T^^ C »M 








1 .„, J4V 


L^^S 






|— ^ 




« T V SC " 




" T ASD — "" 

20 ,^^^ 


T, 






1 *■ 


4 V 




-= • 1 


V ' ■ 


From MPU 
DBE - #2 \ 


! ' 4 7 


Q.8V^ 


/^ r.A v 








0.4 V 


- 


V 










*" ' EH 








fc^^)o„. 


Not Valid 









A15 A14 A13 
25 21 2 3 



A12 All A10 A9 A8 
22 20 19 18 17 



A7 A6 A5 A4 A3 A2 A1 AO 
16 15 14 13 12 11 10 9 



M t t M 1 t ,t M M M t, 

Buff.r. Buf1er * 



Clock, 01 3- 

C)ock,02 37- 

Reset 40- 

Non-Maskable Interrupt 6 - 

Halt 2- 



Interrupt Request 4 - 

Three-Stats Control 39- 

Data Bus Enable 36* 

Su? Available 7 • 

Velid Memory Address 5 ' 

Reed/Write 34 



Program 

Counter 



nstruction 
Decode 

and | 

Control I 



Stack 
Pointer 



Program 

Counter 



Index 
Register 



Induction 

Register 



Stack 

Pointer 



Index 
Register , 



Accumulator 



Oata 

tu'fer 



Accumulator 
5 



Condition 

Code 

Register 



rTTTTTTT 



IE 



vcc - Pir - 8 


:?t? 


17 


:s 


2? 


30 


31 


32 


33 


7r S - Pint 1 ?1 


C7 


Do 


DE 


D« 


P3 


02 


D1 


□ 
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6800 cont'd 



MPU SIGNAL DESCRIPTION 



Proper operation of the .MPU requires that certain con- 
trol and timing signals be provided to accomplish specific 
functions and thai other signal line: be mon'tored to 
determine tne state of th« proces-.or. 

Clocks Phase One and Phase Two (£1,c2) - Two pins 
are used for a two-phase non-overlapping clock that runs 
at the Vqc voltage level. 

Address Bus (A0-A15) - Sixteen pins are used for the 
address bus The outputs are three-stare bur drivers caoa- 
ble of driving one standard TTL load and 130 pF. When 
the output is turned off, it is essentially an open circuit. 
This permits the MPU to be used in DMA applications. 

Data Bus (D0-D7) - Eig^t pins are used for the date, 
bus. It is bi-directionai, transferring data to and from the 
memory and peripheral devices. It also nas three-state 
output buffers capable of driving one standard TTL load 
and 130 pF. 

Halt - When this irtp:jt i* in the low state, ail activity 
in the machine will be halted. This input is level sensitive. 
In the halt mode, the machine will stoo at the end of an 
instruction, Bus Available will be at a on? level. Valid 
Memory Address will be at a zero, and all other three-state 
lines will be in the three-state mode. 

Transition cf the Halt line must not occur during the 
last 250 ns of pha se one. To insure s : ngie instruction 
operation, the halt line must go high for jr.* Phase One 
Clock cycle. 

Three-State Control (TSC) -This input causes all of the 
address lines and the Read/Write line to go into the off o< 
high impedance state. Tnis state wiil occur 500 ns after 
TSC= 2.4 V. The Valid Memory Add-sss and Bus Available 
signals will be forced low. The da*? bus is not affected oy 
TSC and has its own enable (Data i3us Enable). In DMA 
applications, the Three-State Control hne should be 
brough- high on the leading edge of the Phase Crva Cicck. 
The ol clock must be held in the high state and the 02 
in the low state for this function to operate p'operly. The 
address bus will then, be available for other devices to 
directly address memory. Since the MPU is a dynamic 
d:vice, it can be held in this state for only 5.0 fis or 
destruction of data will occur in the MPU. 

Read/Write (RAV) — This TTL compatible output 
signals the peripherals and memory devices whether the 
MPU is in a Read (high) or Write (low) stale. Tne normal 
standby state of this signal is Read (high). Three-State 
Confol going high will turn Read/Write to the off (high 
impedance) state. Aiso. when the processor is baited, it 
will be m the off state. This output is capable of driving 
one standard TTL loaa and 130 pF. 

Valid Memory Address (VMA) - This output inaicates 
to peripheral devices that there is a vaild address on the 
address bus. In normal operation, this signal should be 
utilized for enabling peripheral inter'aces such as the 
PIA and ACIA. This signal is not three stats. One standard 
TTL load and 30 pF may be directly dri/en by this active 
high signal. 



Data Bu: Enable (DBE) - This input is the three-state 
control signai for the MPU date bus and will enabie the 
bus drivers wht,. in the high state. This input is TTL com- 
patible however in normal operation, it would be driven by 
the phase two clock. During 30 MPU read cycle, the data 
bus drivers will be disabled internally. When it is desired 
that another device control the data bus such as in Direct 
Mtmor/ Access (DMA) applications, D3E should be 
held low. 

Bus Available (BA) - The Bus Available signal will 
normally be in the low state; when activated, it will go to 
the hi oh state indicating th3t the microprocessor has 
stopped and that the address bus is available. Tnis will 
occur ,f the Halt line is in the low state or the processor 
is in tne WA'T state as a result of the execution of a 
WAIT instruction. At such time, all three-state output 
drivers will go to *:heir off state and other outputs to their 
normally inactive level. The p r ocessor is removed from the 
WAIT state by tne occurrence of a maskable (mask bit 
I = 0) or nonmaskable interrupt. This output is capable 
of driving one standard TTL load and 30 pF. 



Interrupt Request (IRQ) - This level sensitive input 
requests that an interrupt sequence be generated within 
the machine. The processor will wait until it completes the 
current instruction that is being executed befois it recog- 
nizes the request. At that time, if the interrupt mask bit 
in the Condition Code Register is not set, the machine will 
begin an interrupt sequence. The Index Register, Program 
Counter, Accumulators, and Condition Code Register are 
stored away on the stack. Next the MPU wi'll respond to 
the interrupt request by setting the interrupt mask bit high 
so that no further interrupts may occur. At the end of the 
cycle, a 16-bit address will be loaded that points to a 
vectoring address which is located in memory locations 
FFF8 and FFF9. An address loaded at these locations 
causes the MPU to branch to an interrupt routine 
in memory. 

The Halt line must be in the high state for interrupts to 
be recognized. 

The IRQ has a high impedance pullup device irternal 
to the chip; however a 3 kfi external resistor to 'Vqq 
should be used for wire-OR and optimum control 
of interrupts. 

Reset - This input is used to reset and start the MPU 
from a power down condition, resulting from a Dower 
failure or an initial start-up of the processor, if a positive 
edge is detected on the input, this will signal the MPU to 
begin t : ie restart sequence. This vv : 1 1 start execution of a 
routine to initialize the processor from its rase: condition. 
All the higher order address lines wi'i deforced high. For 
the restart, the last two (FF.FE, FFFF) locations in 
memory will oe usad to load the urogram that is acd-essed 
by the program counter. Curing tne restart routine, the 
interrupt mask bi: is set and must oe reset before the MPU 
can be interrupted by fRQ\ 
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Figure 4 shows the initialization of the microprocessor 
after restart. Reset must be held low for at least eight 
clock periods after Vqc reaches 4.75 vclts. If Reset goes 
high prior to the leading edge of 02, on the next 01 
the first restart memory vector address (FFFE} will 
appear on the address lines. This location should contain 
the higher order eight bits to be stored into the program 
coun.er. Following, the next address FFFF should contain 
the tower order eight bits to be stored into the pro- 
gram counter. 

Non-Maskable Interrupt (NM!) — A low-going edge on 
this input requests that a non-mask-interrupt sequence be 
generated within the processor. As with the interrupt 
Request signal, the processor will complete the current 
instruction that is being executed before it recognizes the 
NMI signal. The interrupt mask bii in the Condition Code 
Register has no effect on NMI. 



The Index Register, Pionrarn Counter, Accumulators, 
and Condition Code Register are stored away on the 
stack. At the end of the cycle, a 1 6-bit address will be 
loaded that points to a vectoring address which is located 
in memory locations FFFC and FFFD. An address leaded 
at these locations causes the MPU to branch to a non- 
maskable interrupt routine in memory. 

NMI has a high impedance pullup resstor internal to 
the chip; however a 3 kQ. external resistor to Vqc should 
be used for wire-OR and optimum control of interrupts. 



Inputs IRQ and NMi are hardware interrupt lines that 
are sampled during 02 and will start the interrupt 
.routine on the 01 following the completion of an 
instruction. 

Figure 5 is a flow chart describing the major decision 
paths and interrupt vectcs of the microprocessor. Table 
1 gives the memory map for interrupt vectors. 



FIGURE 4 - INITIALIZATION OF MPU AFTER RESTART 



4.75 V 



'CC 



Res at 




»-i r*m First Instruction Loaded into MPU 



~ ZZZZZZZZZZZZZZZZZZZ 2 7 ZZZZZ. Z 7 Z Z ZZZZZZZZ V/7X r 



Address Out 
= FFFE 



I 



Address Out 
■- FFFF 



Address Out = Contents of 
FFFE + FFFF 



TABLE 1 - MEMORY MAP FOR INTERRUPT VECTORS 



Vector 
MS LS 


Description 


FFFE FFFF 


flejtart 


FFFC C FFD 


^on-maskabie interrupt 


FFFA FFFS 


Software Interrupt 


FFr8 FFF9 I !n*ei rupt Request 
I 
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PIGURE 5-MPU FLOWCHART 
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MPU REGISTERS 



The MPU has three 16-bit registers and three 3-bit 
registers available for use by the programmer (Figure 6). 

Program Counter — The program counter is a two byte 
(16-bits) register that points to the current program 
address. 

Stack Pointer - The stack pointer is a two byte register 
that contains the address of the next available Iccat.on 
in an external push-down/pop-up stack. This stack is 
noimally a random access Read/Write memory tnat may 



have any location (address) that is convenient. In those 
applications that require storage of information in the 
stack when power is lost, the stack must be non-volatile. 

Index Register — The index register is a two byte register 
'that is used to store data or a sixteen bit memory address 
for the Indexed mode of memory addressing. 

Accumulators — The MPU contains two 8-bit accumu- 
lators that are used to hold operands and results from an 

i 

arithmetic logic unit (ALU). 
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FIGURE 6 - PROGRAMMING MODEL OP THE MICROPROCESSING UNIT 
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FIGURE 7 - SAVING THE STATUS OF THE MICROPROCESSOR IN THE STACK 



SP = Stack Pointer 

CC • Condition Codes (Also called the Processor Status Byte) 
ACCB « Accumulator B 
ACCA = Accumulator A 

IX H - Index Register, Higher Order 8 Bits 
I XL = Index Register, Lower Order 8 Bits 
PCH = Program Counter, Higher Order 8 Bits 
PCL = Program Counter, Lower Order 8 Bits 
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Condition Cede Register —The condition code register 
indicates the re:t;!t;cf an Arithmetic Logic Unit operation: 
MawUive (N), 7/iro (Z), Overflow (V), Carry from bit 7 
(C), and half curry from bit 3 (H). These b'ts of the 
Condition Code Register are used as testable conditions 
'or the conditional b'anch instructions Bit 4 is the 
■uerrupt mask bit (I). The unused bits o' the Condition 
s'.'ods Register (h6 and b7) are ones. 

Figure 8 shows the order of saving the microprocessor 
status within the stack. 

MPU INSTRUCTION SET 

The MC6800 has a set of 72 different instruction*. 

included are binary and decimal arithmetic, logicai, shift, 
rotiCr., load, store, conditional or unconditional branch, 
interrupt and stack manipulation instructions (Tables 2 
thru 6). 

MPU ADDRESSING MODES 

The MC68Q0 eight-bit microprocessing unit has seven 
address modes that con be used by a programmer, with the 
addressing mode a function of both the type of instruction 
and the coding within the instruction. A summary of the 
add r essing modes for a particular instruction can be found 
in Table 7 alone with the associated instruction execution 
time that is given in machine cycles. With a clock fre- 
quency of 1 MHz, these times would be microseconds. 

Accumulator (ACC.X1 Addressing — In accumulator 
only addressing, either accumulator A or accumulator B is 
5p:.-cified. These are one-byte instructions. 

Immediate Addressing — In immediate addressing, the 
operand is contained in the second byte of the instruction 
except LDSand LDX which have the operand in the second 
and third bytes of the insrruction. The MPU addresses 



this location when it fetches the immediate instruction 
for a: cc'jt : cn. These are two cr three-byte instructions. 

Di-;rt Addressing - In direct addressing, the address of 
the operand is contained in the second byte of the 
instruction Direct addressing allows the user tc di't-ctly 
address the lowest 256 bytes in the machine i.e., locations 
zero through 255. Enhanced execution times are achieved 
by storing data in these locations. In most configurations, 
it should be a random access memory. These are two-byte 
instructions. 

Extended Addressing — In extended addressing, the 
address contained in the second byte of the instruction is 
used as the higher eight-bits of the address of the operand. 
The third byte of the instruction is used as the lower 
eight-bits of the address for the operand. This is an cbso- 
lute address in memory. These are three-byte instructions. 

Indexed Addressing — In indexed addressing, the acdress 
contained in the second byte cf the instruction is added 
to the index register's lowest eight bits in the MPU. The 
carry is then added to the higher order eight bits of the 
index register. This result is then used to address memory. 
The modified address is held in a temporary address regis- 
ter so there is no change to the index register. These are 
two-byte Instructions. 

Implied Addressing — In the implied addressing mode 
the instruction gives the address (i.e., stack pointer, index 
register, etc.). These are one-byte instructions. 

Relative Addressing— In relative addressing, the address 
contained in the second byte of the instruction is rriried 
to the program counter's lowest eight bits plus two. The 
carry or borrow is then added to the high eight bits This 
allows the user to address data within a range of -125 to 
+129 bytes of the present instruction. These are two- 
byte instructions. 



TABLE 2 - MICROPROCESSOR INSTRUCTION SET - ALPHABETIC SEQUENCE 



ABA Add Accumulators 

A DC Ada with Carry 

ADD Add 

AND Logical And 

ASL Arithmetic Shilt Left 

ASR Arithmetic Shift Right 

ECC Branch if Cam/ Clear 

BC3 Branch if Carry Set 

LLJQ Branch if Equal to Zero 

BGE Branch if Greater or Equal Zero 

BGT Branch if Greater than Zero 

BH| Branch if Higher 

BiT Bit Test 

3LE B'anch if Less or Eoual 

BLS Branch if Lower or Same 

BLT Brancr if Less than Zero 

BVil Branch if Minus 

BNE Branch if Not Equal to Zero 

9PL Branch if Plus 

ERA Branch Always 

BSR Branch to Subroutine 

Bv'C Brancn if Overflow Clear 

8V3 Branch if Overflow Set 

C5A Compare Accumulators 

CLC Clear Carry 

CLI Clear Interrupt Mask 



CLR 


Clear 


PUL 


Pull Data 


CLV 


Clear Overflow 


ROL 


Rotate Left 


CMP 


Compare 


ROR 


Rotate Right 


COM 


Complement 


RTI 


Return from Interrupt 


CPX 


Compare Index Register 


RTS 


Return from Subroutine 


DAA 


Decimal Adjust 


SBA 


Subtract Accumulators 


DEC 


Decrement 


SBC 


Subtract with Carry 


DES 
DEX 


Decrement Stack Pointer 
Decrement Index Register 


SEC 
SEI 


Set Carry 

Set Interrupt Mask 


EOR 


Exclusive OR 


SEV 


Set Overflow 


INC 


Increment 


STA 
STS 


Store Accumulator 
Store Stack Register 


INS 


Increment Stack Pointer 


STX 


Store Index Register 


INX 


Increment Index Register 


SUB 


Subtract 


JMP 


Jump 


SWI 


Software Interrupt 


JSR 


Jump to Sub'ou'ine 


TAB 


Transfer Accumulators 


LDA 


Load Accumulator 


TAP 


Transfer Accumulators to Condition Cods Reg. 


LDS 


Load Stack Pointer 


TBA 


Trarjfer Accumulators 


LDX 


Load Inoex Register 


TPA 


Transfer Condition Code Reg. to Accumulator 


LSR 


Logical Snrft Right 


TST 


Test 


NEG 


Negate 


TSX 
TX3 


Transter Stack Pointer to Index Registe r 
Transfer Index Register to Stack Pointer 


NOP 


Nc Operation 






ORA 


Inclusive OR Accumulator 


WAI 


Wait for Interrupt 


PSH 


Push Data 
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TAELE 6 -CONDITION CODE RFGirwER MANIPULATION INSTRUCTIONS 



COND. CODE REG. 





MNEMONIC 


IMPLIED 


BOOLEAN OPERATION 


5 


4 


3 ; 2 


1 


1 

i 


OPERATIONS 


cp ; - ' =- 


H 


1 


N 2 


V 


c! 


Clear Carry 


CLC 


OC : 2 1 1 


-C 


• 


• 


1 
' i * 


. 


H , 


Clear Interrupt M3sk 


CLI 


OE 


2 1 1 


0-1 


• 


* 


• 1 * 


• 


• ' 


Clear Overflow 


CLV 


DA 


1 j 1 


0-V 


• 


• 


* !• 


1 


• 1 


Set Carry 


SEC 


00 


2 1 


1 -C 


• 


• 


• !. 


• 


Si 


Set Interrupt Mask 


SEI 


OF 


2 1 


1 -1 


• 


s 


. | . 


• 


• i 


Set Overflow 


StV 


08 


2 1 1 


1 -*V 


9 


* 


• I . 


s 


• ] 


Acmltr A-»CCR 
CCR-Acmltr A 


TAP 

T°A 


06 

07 




A-CCR 

CCR--A 






.■^\ 






1 

2 : i 


• 


• 


• !• 


• 


• 



CONDITION CODE HEfilSTEK TIOTES. 



1 


IBi' V) 


2 


(3i. CI 


3 


(Bit 


4 


(Bil V) 


5 


(Oil VI 


6 


(Bit V) 


7 


(Eit K) 


8 


(Bit V) 


9 


{Bit N) 


10 


(Ail 


11 


IB.. 1) 


12 


(AW) 



(Bit set if test is tros 3rd cleared otnerw'se) 

Test. Pe;ult= 100 r ;GOO(P 

Test: Result = G0C0a0Ca ? 

Tsst: Dectrnoi va'us of most vqrificant RCO Character greater than nine? (Hoi cleared if previously set.) 

Test: Operand - I00C00G0 pnar to e^ut^? 

Test; Ope r and = 0*11 1 1 1 1 prior to <?x2cu?:cn 7 

Test: Set equal to result of N0C after shift has occurred. 

Test- Sign bit of most significant IMS) byte - 1? 

Test: 2 s complement overflow from subtraction of MS bytes 7 

Test: Result les: than zero? (Bit 15 = 1) 

La id Condition Code Register from Stack. (See Special Operations) 

Set when interrupt occurs. If previously set, a Ncn Maskable Interrupt is required to exit the wait state. 

Set according to the contents of Accu.Tvjiatoi A. 



PIN ASSIGNMENT 











1=J 


v ss 


O Rasot 


r3 40 


2C 


Halt 


TSC 


n 39 


3 CT 


01 


N.C. 


n 38 


4 CT 


iRQ 


«2 


rr* 37 


5 cr 


VMA 


DBE 


ra 36 


6 cr 


NMI 


N.C. 


n 35 


7 cr 


3A 


R/W 


ra 34 


3 cr 


vcc 


do 


r_i 33 


9 cr 


AO 


01 


ra 32 


10 cr 


A1 


D2 


ra 31 


11 cr 


A2 


D3 


ra 30 


12 cr 


A3 


D4 


n 29 


13 cr 


A4 


D5 


r3 28 


14 t= 


A5 


D6 


n 27 


15 cr 


A6 


D7 


n 26 


i6 cr 


A7 


A15 


n 25 


17 cr 


AS 


A14 


Z3 24 


ia cr 


A9 


A 13 


=] 23 


19 uz 


AIO 


A12 


ID 22 


20 cd 


All 


Vss 


Z3?i 















PACKAGE DIMENSIONS 






CASE 63 


904 

i 
J. , C 

JjLi 
i 

K "" 


, L 




z 
.1 




1 1 

1 
J 70) 




1 

A 1.I 










[._, n — r , ™ 


U LI li :j L !i J ■_> L iJ lii ., J Li 'J_ 
— i G i — JL-d -J_ F 


J li L> U b 

— ii— H 

1 


I 1 

Hi. I' 

40TE3: 

1. LEACSWiTHIN 0.13 -^OCB) 
RADIUS CF TRUE POSit'M'.; AT 
SEATING PlA?JE.AT M4X;ML'V 1 
MATERIAL CJ.'iCIT.J'i. 1 

2. DIMENSION "L" TO INS^E ; 
OF LEADS (VEASU.'EC 0.51 *•'" 
(0.020) BELOW PACKAGE 3ASE) i 


DIM 


MILLIMETERS! INCHES 


Mlfl 


MAX j SUM i MAX 


A 


50.04 


51.05 i T 370 i 2.010 
14.22 1 0.-3 j r 0. r ,-:0 


B 


1345 


C 


3.05 


3 94 ' 0.120 ' 0.1b j 


D 1 0.38 


051 ' 0.015 1 002: 


f j 0.85 


'■ 40 11 r,i:-. : <H lr ;5_ 

(Bi'U : ""(,':o5" :: .sc 


6 j 2.0- 


H 39 


'.so o.c.vj ; 'j.,155 

23 : C.CCi : OJM 
2'iZ l"O.I20 ; 0.145 


J 1 020 


K 3.05 


L 14S6 ! 1b 

m K -hi. 

N I 3.51 ! 1 


37 : 3SS5 . 625 


j ._ it 50 
14 ! 0.020 > 0.C45 
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TABLE 7 - INSTRUCTION ADDRESSING MODES AND ASSOCIATED EXECUTION TIMES 

(Times in Machine Cycles) 





T 

e 
















■ 












• 




I 


• 
5 




■c 










O 

3 

o 




-J 


19 

C 
CI 

UJ 


•a 
a> 

X 

ej 

•a 

c 


•3 

a 

£ 


a 
E 


ABA 




• • 


• 


• 


• 


2 




ADC 


X 


• 2 


3 


4 


5 






ACD 


X 


• 2 


3 


4 


5 






AND 


X 


• 2 


3 


4 


5 






ASL 








6 


7 






ASR 








6 


7 




o 


BCC 














4 


BCS 














4 


BEA 














4 


BGE 














4 


BGT 














4 


Bhi 














4 


BIT 


X 















9LE 














4 


SLS 














4 


3LT 














4 


BMI 














4 


BNE 














4 


BPL 














4 


BRA 














4 


BSR 














g 


BVC 














4 


BVS 














4 


CBA 












2 




CLC 












2 




CLI 












2 




CLR 








6 


7 


• 




CLV 








• 


• 


2 




CMP 


X 






4 


5 


• 




COM 








6 


7 


• 




CPX 








5 


6 


• 




DAA 








• 


• 


2 




DEC 








6 


7 


• 




DES 








• 


• 


4 




DEX 








• 


• 


4 




EOR 


X 


• 2 


3 


4 


5 


• 





a 
O 



3 

a 



o 
o 



INC 

INS 

I NX 

JMP 

JSR 

LDA 

LDS 

LDX 

LSR 

NEG 

NOP 

ORA 

PSH 

PUL 

ROL 

ROR 

RTI 

R*S 

SBA 

SBC 

SEC 

SE! 

SEV 

STA 

STS 

STX 

SUB 

SWI 

TAB 

TAP 

TBA 

TPA 

TST 

TSX 

TSX 

WAI 



3 
4 
4 



C 



4 
8 
5 
6 
S 
7 
7 
• 
5 

• 
7 
7 



6 
7 

7 
5 



a 
E 

• 
4 
4 

• 



10 
5 
2 

• 
2 
2 

2 

• 

• 

12 

2 

2 

2 

2 

• 

4 

4 

9 



NOTE: Interrupt time is 12 cycles from the end of 

the instruction being executed, except following 
a WAI instruction. Then it is 4 cycles. 
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128 X 8-BIT STATIC RANDOM ACCESS MEMORY 

The MCM6810 is a byte-organized memory designed for use in 
bus-organized systems. It is fabricated with N-channel silicon-gate 
technology. For ease of use, the device operates from a single power 
supply, has compatibility with TTL and DTL, and needs no 
clocks or refreshing because of static operation. 

The memory is compatible with the M58G0 Microcomputer 
Family, providing random ;torajc in byte increments. Memory 
expansion is provided through multiple Chip Select inputs. 

• Organized as 128 Bytes of 8 Bits 

• Static Operation 

• Bi-Directional Three-State Data Input/Output 

• Six Chip Select Inputs (Four Active Low, Two Active High) 

• Single 5-Volt Power Supply 

• TTL Compatible 

• Maximum Access Time = 1 .0 ps for MCM681 0L 

575 ns for MCM5810L-1 



ABSOLUTE MAXIMUM RATINGS (Sae Note 1) 



Sating 


Symbol 


Value 


Unit 


Supply Voltage 


v C c 


-0.3 to +7.0 


Vdc 


Input Voltage 


V,n 


-0.3 to -r7.0 


Vdc 


Operating Temperature Ranga 


T A 


to +70 


J C 


Storage Temperature Range 


T stg 


-55 to +150 


°c 



NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exoosure to higher than recommended voltages for extended 
periods of time could affe-jt device reliability. 
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CERAMIC PACKAGE 
CASE 684 



PIN ASSIGNMENT 



1C 


Gnd O 


v C c 


=3 24 


21= 


DO 


A0 


=123 


3d 


D1 


A1 


=122 


4t= 


D2 


A2 


= 21 


5C D3 


A3 


= 20 


ecz; 


D4 


A4 


= 19 


7C3D5 


A5 


= 18 


8CT D6 


A6 


= 17 


9C D7 


R/W 


= 15 


10C cso 


CS5 


= 15 


ntzcsi 


CS4 


= 14 


12 CZ CS2 


CS3 


= 13 
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6810 cont'd 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted.) 



RECOMMENDED DC OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Supply Voltage 


v C c 


4.75 


5.0 


5.25 


Vdc 


input High Voltage 


V|H 


2.4 


- 


5.25 


Vdc 


input low Volt3ge 


V|L 


-0.3 


- 


0.4 


Vdc 


DC CHARACTERISTICS 


r 










Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input Current (A n , R/W, CS n , CS n ) 
! (V in = Cto 5.25 V) 


•in 


- 


- 


2.5 


MAdc 


i irpjT Ki:r Threshold Voltage 


V|HT 


2.0 


- 


- 


Vdc 


Input low Threshold Voltage 


V ILT 


- 


- 


0.8 


Vdc 


Output High Voltage 
(I O h = -100mA! 


V H 


2.4 


— 


— 


Vdc 


Output Low Voltage 
(l 0L = 1.6 mA) 


vol 


— 


— 


0.4 


Vdc 


i Output Leakage Current (DO- D7) 

:V.;i - 2.4 V, CS- 0.4 V,CS= 2.4 V) 


•loh 


— 


— 


10 


jiAdc 


Ou:pj: Le-Aaoe Current (00 — D7) 

v o ^ 0.4 V, CS = 0.4 V, CS = 2.4 V) 


'lol 


— 


— 


10 


pAdc 


iiuppiy Cur'ent 

( v'c; C = 5.25 V. T A = 0°C) 


ice 




~~ 


130 


mAdc 



CAPACITANCE (f = 1.0MHz,T A = 25°C, periodically sampled 
rather than 100% tested.) 



CharEC.eristic 


Symbol 


Max 


Unit 


Input Capacitance 


C in 


7.5 


pF 


Output Cap£cit3nce 


c . Jt 


15 


pF 



This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or electric fields; however, it is advised that 
normal precautions be taken to avoid application 
of any voltare higher than maximum rated volt- 
ages to this high-impedance circuit. 
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23 
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22 
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21 
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19 


A5 


18 


A6 


17 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted.) 



RECOMMENDED AC OPERATING CONDITIONS 



i Parameter 


Symbol 


Min 


Unit 


Address Setup Time 


*AS 


30 


ns 


Address Hold Time 


'AH 





ns 


Chip Select Pulse Width 
iMCM6810L 
MCM6810L-1 


tcs 


800 
400 


ns 



FIGURE 1 - AC TEST LOAD 
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2.5 k 



Tost Point o f 



130 pF* 




Include* Jig Capacitance 



READ CYCLE (All timing with t r = tf = 20 ns, Load of Fiyure 1 ) 










T Characteristic 


Symbol j 


Min 


Max 


Unit | 


Read Cycle Time MCM6810L 

MCM6310L-1 


'cyclR ) 


1000 
575 


- 


ns I 
ns I 


Output Enable Delay Time MCM6810L 

MCM6810L-1 


«ED 


— 


400 
300 


ns 

ns 

_ ■ 


Output Disable Delay Time MCM6310L 

MCM6310L-1 


*DD 


10 
10 


200 

150 


ns 
ns 


Read Access Time MCM6810L 

MCM6310L-1 


*acc 

i 


- 


1000 
575 


ns 

PS 



READ CYCLE TIMING 



Address 



Chip Select 



Chip Select 



Read /Write 



2.4 V 



0.4 V 




-tcyclFO- 



0.4 V ^^^ 



Don't Cam 



2.4 V 



0.4 V 



2.0 V 



0.8 V 



t cs - 




Floating 



-*jt AH 




/ 



0.8 V 



-'2.0 V 




*OD 



Floating 
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6810 cont'd 
"IT! CYCLE (All timing with t, = tf = 20 ns, Lead ol Figure 1) 



Characteristic 



,'. 1 its Cycle Time 



,V: : t? Folse Width 



Vvtite Pulse Hold Time 



iD=ts Sjtjp Time 



i)?".a Hold Time 



MCM6310L 
MCM5810L-1 



MCM6S10L 
MCM6310L-1 



MCM6310L 
MCM6810L-1 



IVICM6310L 
MCM6810L-1 



Syrr.bo! 



cyclA'i 



'WF 



VvH 



l DS 



*DH 



Win 



1000 
500 



BOO 

400 



1000 
500 



500 
300 



Max 



II nit 



rs 



77—1 



ns 

ns 



ns 



WRITE CYCLE TIMING 

-'cyclW)- 



2.4 V 
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Chip Select 




^mm 



KjVy$X3 Don't Caro 



PACKAGE DIMENSIONS 




n n C^ ! 



I ImiUIMET E~F.S ! INCHES 

1 DIM n^fTlMAX ! MIN I wax j 



1 215 I 



uS'tT'ij. u u Li c u u r 
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PERIPHERAL IMTERFACE ADAPTER (PIA) 

The MC6820 Peripheral Interface Adapter provides the universal 
means of interfacing peripheral equipment to the MCBSOO Micro- 
processing Unit (iV'lPU). This device is capable of interfacing the MPU 
to peripherals inrough two 8 bit bidirectional peripheral data buses 
and four control iines. No external logic is required for interfacing to 
most peripheral devices. 

The functional configurator, ot the ?!A is programmed by the 
MPU during system initialisation. Each of the peripheral data lines 
can be programmed to act a an input or output, and each of the 
four control/interrupt ! 'm?s may be programmed Tor one of several 
control modes. Tnis allows a high degree of flexibility in the over-all 
operation of the interface. 

• 8-Bit Bidirectional Data Bus for Communication with the MPU 

• Two Bidirectional 8-Bi r Buses for Interface to Peripherals 

• Two Programmable Control Registers 

• Two Programmable Data Direction Registers 

• Four Individually-Controlled Interrupt Input Lines; Two Usable 

as Peripheral Control Outputs 

• Handshake Control Logic for Input and Output Peripheral 

Operation 

• High-Impedance 3-State and Direct Transistor Drive Peripheral 

Lines 

• Program Controlled Interrupt and Interrupt Disabie Capability 

• CMOS Compatible Peripheral Lines 



< 




CERAMIC PACKAGE 
CASE 699 
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MAXIMUM RATINGS 



Rating 


Symbol 


Value | Unit 


i S:^rj'y VoM.soe 


vcc 


--0 3 IO -7 | Vr.c 


■ _t *C.l2*-> 


V,n 


-o 3 to -;.o 


Vdc 


■ ■'"'■■ ?';rz Tempefoture Ranoe 


T A 


lo -70 


°C 


| bio \. ; 'e Tempe r atu'e Range 


T stg 


-5Sto -150 


c c 



This device contains circuitry to piotect the 

mputsapam5T la-siaps c?je to rugh static ,otiaget 
of eiecinc **eids, however, u is aJw*d that 
normal precautions tae laken to. avoid apoti£3t;on 
of any voyage higher than maximum ra'.ed volt- 
ages to thij hngh-inpedanc* circuit. 



ELECTRICAL CHARACTERISTICS <V CC = 50 V * 5V V S5 = 0, T A * 25°C unless othe-wise noted.) 



Characterise 


Svmbol 


Mm 


Typ 


Mix 


Unit 


!- -j-^ M.ah Voltage [Norma 1 Operating Levels: 


V|H 1 


Vss + 2 i 


- 


VCC 


Vdc 


> ^.-i..* Low Voltage iN'ormal Operating Levels; 


V IL 


Vcc-0.3 


- 


V SS * 0.4 


Vdc 


l no :t High Tnreshold Voltage 

All Inputs E>cept Enable 


V IHT 


V ss +2.0 


- 


- 


Vdc 


I'.r.-K Low Threshold Voltage 

All Inpu's Except Enable 


V ILT 


- 


- 


Vss+0.8 


Vdc 


Injjt Leakage Current 
v, n - Oto 5.0 Vdc) 

R/Vv, Reset. RSO, RSI. CS0.CS1 CS2. CA1 . CB1 . Enable 


■in 


- 


1.0 


2.5 


MAdc 


'< ■.--■- State 'O't Slate: Input Current 

V .., -- 4 >o 2.4 Vdc, V C C = "l av > D0-D7, PF0-PB7 CB2 


'TSI 


- 


2.0 


10 


MAdc 


! mp .; High Current PAG-PA7, CA2 
| Vih -" 2 4 Vdc! 


l|H 


-100 


-250 


- 


^Adc 


j Ir.p it Low Current PA0-PA7, CA2 

! 'V, L =■■ 4 Vdc! 


'IL 


- 


-1.0 


-1.6 


mAdc 


i Output High Voltage 

I 'V,«r; = min, l Loat j » -100>iAdc, 

i E -able Pulse Width < 25 ms) 


V H 


V SS + 2.4 




— 


Vdc 


j Output Low Voltage 

! Vrr - rrim, l(_ n _,j - 1.6 mAdc) 


vol 


- 


' 


\ ss + 0.4 


Vdc 


J C itout High Current (Sourcing) 
iv 0H = 2.4 Vdc) 

i Vq = 1.5 Vdc, the current for driving other than TTL, eg., 
Odfli'trjtcn Base) PB0-PB7, CR2 


'oh 


•100 

-1.0 


-1000 
-2.5 


- 


MAdc 
mAdc 


Cmuj* Low Current 'Sinking) 

! '. n I 4 Vd ' 


'01. 


1.5 


- 


- 


mAdc 


; ■ .. ; lc;,k. .:" C.-rent iO'< ?t;ie) IRCA, ! "OK 


'off 


- 


1.0 


10 


MAdc 


, r". ....;■ LVsipation 


Pd 


- 


300 


600 


mW 


j '■;: .it Capacitance 

iv, r 0, T A ' ?5°C. f - 10 MHz) 

D9-D7, PA0-PA7, PB0-PE7, CA2. CB2 

R<W RT5t. RSO RS1,CSG,CS1,CS2,CA1,CB1 

Enable 


Cin 


- 


- 


10 

7.0 
20 


pF 


j Output Capacitance 

| ■ V, r = 0, T A =-- 25°C, f-= 1.0 MHz) 


CquT 


— 


— 


10 


pF 



Ht^D TIMING CHARACTERISTICS (Figure 1 Luang - 30 pF and one TTL lead 'or PA0-PA7. I-P.0PB7. CA2, CB? 

- 130 pF and one T T L ijirt 'o- D0-D7. IROi", IROB) 



! Characteristic 


Symbol N'm 


Typ j Max 


Unit ■ 


! '■■'-■ , 7 iTie. Ad i r ess valid to En:bie positive trans. to" 


T a F w \ 1 30 


1 


ns 


I ,- . v T:i:-c Era:;;r positive t r :,nsi'.ion to Data valip :jr, .:,: 


1 EDPi | 


205 


ns 


[ ■ :'.'^::-l L'ae. i--e up Time 


1 Prist, ! 300 


! 


ns 


r _'.: . .' .s h- ■ Time 


l"H=t 


10 


- 


- 


ns 


L- : v '. n^e. ir: :p:e neeat:/e ire^MtiCe to CA3 negii'ive 'f.me.ion 


T CA2 


- 


- 


1.0 


MS 


: .. ,■ 1 ni'< , c'-ao: • r-'eeati'.'e Uc'isition to CA2 :)ositr. e fansi.ion 


T PS1 


- 


- 


1 


MS 


j ■"■■'. :'--j r=:i T:ne in: CAl and CA2 input S'o™i,s 


t,. i: 


- 


— 


1.0 


hi 


! .'■ . T.I i: i:::n CAl -ICM'e lili'iSil'On to CA2 pes ,,t '.-anenen 


T RS? 


- 


- 


20 


MS 


| A :: and Pali ^ irrit lor Enable I'put 


'rE, ! fc 


- 


- 


25 


ns 



WRITE TIMING CHARACTERISTICS figure 2) 



Charflciqr'sti; 


Svmbol 


i 


Mm 


Typ 


Max 


Unit 


I L:.r..V.'-:' Puis" Width 


TF„ 




0470 


- 


2a 


MS 


i L". ■:.-;- ~ imfi. AdJ'f'L-s ^i d to tn^b'r pontive tcansii ion 


T Al'A 


j 


'30 


- 


-- 


ns 


■ i_,-.. . i;-.- ,.::. Dj ■ ■■ .::''■ a to tnab's rifrif.e t'3n-,!;ion 


Tr, S -_i 




3T>0 


- 


- 


ns 


1 ; ..' ■. ,- T me. i-.^-liO V'. J *"i te nenjtive t : anii T ion :c EftaL'e posit n.-? transition 


T 'A = 


[ 


'30 


_ 




ns 


i :. ,-. >-■.; hnic Tin-.e 


1 H'.Y 




10 




- 


ns 


: [)''.., " r-t- Er>,if; : L' necative trar>',,t ■".r. to f-^r inhc al Data \.^-'d 


■CD;'.- 


! 


- 




1.0 


MS 


! L Jv "i" iiri'j, EiiiiLfifc negative trans it tor. to r, r:pf"ra! Data Valid. CMOS 
' iV c: ~ 3CJ PA0PA7. CA.2 


T 
T CMOS 


1 
i 


- 


— 


2.0 


MS 


,' 1^ ■„■ . "i i;"e. E r,;,D:e p.esit've trjr.itiion !C-CB?nt ;i ttiv: ! ran pit ion 


TC-.-2 


t 


- 


- 


1.0 


MS 


■ ■■ .- T — tj . r ■■■ ;;r ■:-,-, Duia vniic to C :' 2 rwu^uve '.'... n^' f en 


T Dr 







_ 


1.5 


fi 


; L ■ ■> : " 1 '.- . rr ^,1' p:ii:tt\ s trsinsincn t") C Bi nr",.tive trar^itiijn 


Tp ■ i 


l 


- 


- 


10 


MS 


I r ■■-.-,- T,ri. : '.;, CB" -»nd C.i/.npu" M,.r,ils 


t r . t. 


i 


- 


- 


1 


MS 


1 1- -■ .v ViiiT.-, ^ ii ' £ ,<-;: t; tf.-! -is:!i0.i :o Civ ooiili-e 1; ci-isitton 


Tp32 , 






- 


2 


MS 



i'.-t Ne-t; if ."we s;yn indicates ou' »\ard CL'ffert f io-v, romtive sign in'J icates invvard flow. 
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FIGURE 1 - READ TIMING CHARACTERISTICS 
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FIGURE 2 - WRITE TIMING CHARACTERISTICS 
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EXPANDED BLOCK DIAGRAM 
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PIA INTERFACESiGNALS FOR MPU 



The PIA interfaces to the MC6800 MPU with an eight- 
bit bi-directional data bus, three chip select lines, two 
register select lines, two interrupt request lines, read^write 
line, enable line and reset line. These signals, in conjunc- 
tion with the MC6800 VMA output, permit the MPU to 
have complete control over the PIA. VMA may be uti- 
lized to gate the input signals to the PIA. 

\ Bi-Directional Data (D0-D7) - The bi-directional 
dsTWines (D0-D7) allow the transfer of data between the 
MPU and ths PIA. The data bus output drivers are three- 
state devices that remain in the high-impedance (off) state 
except when the MPU performs a PIA rend operation. The 



Read/Write line is in the Read (high) state when the PIA 
is selected for a Read operation. 

PIA Enable (E) — The enable pulse, E is the only 
timing signal that is supplied to the PIA. Timing of all 
other signals is referenced to the leading and trailing edges 
of tne E puise. This signal will normally be a derivative of 
the MC6800 02 Clock. 

The E pulse is used to condition the interrupt/control 
lines CAT, CA2, CB1, and CB2. At least one E Dulse must 
occur from the inactive edge to the active edge of the 
input signal tc set the interrupt fiag, when the lines are 
used as inputs. 
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PIA Read/Write (RAV) - This signal is generated by 
the MPU to control the direction ot data transfers on '~,e 
Data Bus. A low state on the P! A Read/Write line enabies 
the ir.pur buffers and data is transferred from the MPU to 
the PIA on the E signal if the device has been selected. A 
high on the Read/Wr ; t9 line sets up the PIA for a transfer of 
data to ths bus. The PIA output buffers are enabled when 
the proper address and the enable pulse E are present. 

Reset - The active low Reset line is used to reset 
all register bits in the PIA to a logical zero Cow}. This line 
can be used as a power-on reset and as a master reset during 
system operation. 

PIA Chip Select (CSC, CS1 and CS2) -These th'ree input 
signals are_used to select the PIA. CSO and CS1 must be 
high and CS2 must be low for selection of the device. 
Data transfers are then performed under the control of the 
Enable and Rc-ad/Write signals. The chip select lines must 
be stable for the duration of tne E pulse. 

PIA Register Select (RSO and RSI) - The two register 
select lines are used to select the various registers inside 
the PIA. These two lines are used in conjunction with 
interna' Control Registers to select a particular register 



that is to be written or read. 

The Register select lines should be stable for the 
duration of the E pulse while in the read or v/rite cycle. 

Interrupt Req uest (IRQA and iRCB) - T no active low 
Interrupt Request lines (FRQA and !TlG3) set to interrupt 
the MPU either directly or through interrupt priority 
circuitry. These lines are "open source" (no load device on 
the chip) and are capable of sinking a current of 1.6 mA 
from an external source. This permits all interrupt request 
lines to be tied to gether in a wire-OR configuration. 

Each Interrupt Request line has two internal interrupt 
flag bits that will cause the Interrupt Request line to go 
low. Each flag bit is associated with a particular peripheral 
interrupt line. Also four interrupt enable bits are provided 
in the P!A which may be used to inhibit a particular 
interrupt from a peripheral device. 

Servicing an interrupt by the MPU may be accomplished 
by a software routine that, on a prioritized basis, se- 
quentially reads and tests the two control registers in each 
PIA for interrupt flag bits that are set. 

The Interrupt Flag is cleared (zeroed) as a result of an 
MPU Read Peripheral Data Operation. 



PIA PERIPHERAL INTERFACE LINES 



The PIA provides two 8-bit bi-directional data buses 
and four interrupt/control lines for interfacing to periph- 
eral devices. 

Section A Peripheral Data (PA0-PA7) - Each of the 
peripheral data lines can be programmed to act as an input 
or outpjt. This is accomplished by setting a "1" in the 
corresponding Data Direction Register bit for those lines 
which are to be outputs. A "0" in a bit of the Data 
Direction Register causes the corresponding peripheral 
data line to act as on input. During an MPU Read Peripheral 
Data Operation, the data on peripheral lines programmed 
to act as inputs appears directly on the corresponding 
MPU Data Bus lines. In the input mode the internal 
pullup resistor on these lines represents a maximum of one 
standard TTL load. 

The data in Output Register A will appear on the data 
lines that are programmed to be outputs. A logical "1" 
written into the register will cause a "high" on the cor- 
responding data line while a "0" results in a "low". Data 
in Output Register A may be read by an MPU "Read 
Peripheral Data A" operation when the corresponding 
lines are programmed as outputs. This data will be read 
properly if the voltage on the peripheral data lines 
is greater than 2.0 vclts for a logic "1" output and 
less than 0.8 volt for a logic "0" output. Loading the 
output lines such that the voitage on these lines does no; 
reach full voltage causes the data transferred into the MPU 
on a Read operation to differ from that contained in the 
respective bit of Output Register A. 

Section B Peripheral Data (PB0-PB7) -The peripheral 
data lines in the B Section of the PIA can be programmed 



to act as either inputs or outputs in a similar ma to 

PA0-PA7. However, the output buffers driving these lines 
differ from those driving lines PA0-PA7. They have three- 
state capability, allowing them to enter a high impedance 
state when the peripheral data line is u^?d as an : np'jt. in 
addition, data on the peripheral dats lines PB0-PB7 will 
be read properly from those lines programmed as outputs 
even if the voltages are below 2.0 volts For a "high". As 
outputs, these lines are compatible with standard TTL and 
may also be used as a source of up to 1 milliampere at 1.5 
volts to directly drive the base of a transistor switch. 

Interrupt Input (CA1 and CB1) - Peripheral Input lines 
CA1 and CB1 are input only lines that set the interrupt 
flags of the control registers. The active transition for these 
signals is also programmed by the two control registers. 

Peripheral Control (CA2) - The peripheral control line 
CA2 can be programmed to act as an interrupt input or as 
a peripheral control output. As an output, this line is com- 
patible with standard TTL; as an input the internal pullup 
resistor on this line represents one standard TTL load. The 
function of this signal line is programmed with Control 
Register A. 

Peripheral Control (CB2) - Peripheral Control line CB2 
may also be programmed to act as an interrupt input or 
peripheral control output. As an input, this line has 
high input impedance and is compatible with stand- 
ard TTL. As an output it is compatible with s'll^ird 
TTL and may also be used as a source of up to 1 ...illi- 
ampere at 1.5volts to directly drive the base of a transistor 
switch This line is programmed by Control Register B. 
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INTERNAL CONTROLS 



There are six locations within the PIA accessible to the 
VIPU data bus: two Peripheral Registers, two Data 
Direction Registers, and two Control Registers. Selection 
•A these locations is controlled by the RSO and RS1 inputs 
Logether with bit 2 in the Control Register, as shown 
n Table 1. 

TABLE 1 - INTERNAL ADDRESSING 



... ,., 
RS1 


RSO 


Control 
Register Bit 


Location Selected 


CRA-2 


CRB-2 








1 


X 


Peripheral Register A 











X 


Data Direction Register A 


I o 


1 


X 


X 


Control Register A 


1 





X 


1 


Peripheral Regis'er B 


1 





X 





Data Direction Register B 


1 


1 


X 


X 


Control Register B 



X = Don't Care 

SNITIALIZATION 

A low reset line has the effect of zeroing all PIA regis- 
ters. This will set PA0-PA7, PB0-PB7, CA2 and CB2 as 
inpi'* r and ail interrupts disabled. The PIA must be con- 
figi^^ during the restart program which follows the reset. 

Details of possible configurations of the Data Direction 
and Control Register are as follows. 

DATA DIRECTION REGISTERS (DDR A and DDRB) 

The two Data Direction Registers allow the MPU to 
control the direction of data through each corresponding 
peripheral data line. A Data Direction Register bit set at 
"0" configures the corresponding peripheral data line as 
an input; a "\" results in an output. 



CONTROL REGISTERS (CRA and CRB) 

The two Control Registers (CRA and CRB) allow the 
MPU to control the operation of the four peripheral 
control lines CA1, CA2, CB1 end CB2. In addition they 
allow the MPU to enable the interrupt lines and monitor 
the status of the interrupt flags. Bits through 5 of the 
two registers may be written or read by the MPU when 
the proper chip select and register select signals are 
applied. Bits 6 and 7 of the two registers are read only 
and are modified by external interrupts occurring on 
control lines CA1, CA2, CB1 or CB2. The format of the 
control words is shown in Table 2. 





TABLE 2 


- CONTROL WORD FORMAT 






7 


6 


5 


4 


3 


2 


1 





CRA 


IRQA1 


IRQA2 


CA2 Control 


DDRA 
Access 


CA1 Control 




7 


6 


5 


4 


3 


2 


1 





CRB 


IRQB1 


IRQB2 


CB2 Control 


DDRB 
Access 


C81 Control 



Data Direction Access Control Bit (CRA-2 and CRB- 2)- 

Bit 2 in each Control register (CRA and CRB) allows 
selection of either a Peripheral Interface Register or the 
Data Direction Register when the proper register select 
signals are applied to RSO and RS1. 

Interrupt Flags (CRA-6, CRA-7, CRB-6, and CRB-7) - 

The four interrupt flag bits are set by active transitions of 
signals on the four Interrupt and Peripheral Status lines 
when those lines are programmed to be inputs. These bits 
cannot be set directly from the MPU Data Bus and are 
reset indirectly by a Read Peripheral Data Operation on 
the appropriate section. 



TABLE 3 -CONTROL OF INTERRUPT INPUTSCA1 AND CB1 



CRA-1 
(CRB-1) 


CRA-0 

(CRB-0) 


Interrupt Input 
CA1 (CB1) 


Interrupt Flag 
CRA-7 (CRB-7) 


MPU tnierrupt 

Request 
IRQA (;ROB) 








4 Active 


Set high on I of CA1 
(C91) 


Disabled — IRQ re- 
mains high 





1 


I Active 


Set high on ; of CA1 
(CB1) 


Goes low when the 
interrupt flat, bit CRA-7 
(CR3-7) goes high 


1 





T Active 


Set high on | of CA1 
(CBI) 


Disabled — IRQ re- 
mains high 


1 


1 


T Act.ve 


Se: high on ' of CA1 
(CB1) 


Goes low when the 
interrupt flag bit CRA-7 
(CRB-7) goes high 



Notes: 1. * i-yjicai&s pos'tiv? trans'ticn (low to high) 

2. I ;r.cicates negative tiansition (high to low) 

3. The Interrupt fag hit CRA-7 is cleared by an MPU Read of the A Data Register, 
and CRB-7 is cleared by an MP'J Read oi tho B Dc;a Register. 

4. If CRA-0 (CRB 0) is low when an interrupt occurs (interrupt disabled) and is later brought 
high, IRQA (IRQB) occurs on ths positive transition of CRA-0 (CR3-0). 
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Control of CAT and CB1 Interrupt Input Lines (CRA-0, 

CRB-0, CRA-1, 2nd CRB-1) - The two lowest order bits 

of the control registers are u$r>d to control the interrupt 

input lines CA1 and CB1. Bits CRA-0 and CRB-0 are 



used to enable the MPU interrupt signals IRQAand IRCB, 
respectively. Bits CRA-1 and CRB-1 determine the active 
transition of the interrupt input signals CA1 and CB1 
(Table 3). 



TABLE 4 - CONTROL O? CA2 AND CB2 AS INTERRUPT INPUTS 
CRA5 (CRB5) is low 



CRA-5 
(CRB-S) 


CRA-4 

(CRB-4) 


CRA-3 
(CRB-3) 


... . 

Interrupt Input 
CA2 (C62) 


Interrupt Flag 
CRA-6 (CR8-6) 


MPU Interrupt 

Request 
IRQA(IRQB) 











i Active 


Set high on 1 of CA2 
(CB2) 


Disabled — IRQ re- 
mains high 








1 


i Active 


Set high on | ot CA2 
(CB2) 


Goes low when the 
interruptflag bit CRA-6 
(CRB-6) goes high 





1 





T Active 


Set high on T, of CA2 
(CB2) 


Disabled — IRQ re- 
mains high 





1 


1 


t Active 


Set high en ? of CA2 
(CB2) 


Goes low when the 
interrupt flag bit CRA-6 
(CRB-6) goes high 



Notes: 



f indicates positive transition (low to high) 

J. indicates negative transition (high to low) 

The Interrupt flag bit CRA-6 iscleared by an MPU Read of the A Data Register and CRB-6 is 
cleared by an MPU Read of the B Data Register. 

I! C L R '^ ( P RB " 3) is low when an interru P t occur s (Interrupt disabled) and is later brought 
high, IRQA (IRQB) occurs on the positive transition of CRA-3 (CRB-3). 



CRB-5 



1 



TABLE 5 - CONTROL OF CB2 AS AN OUTPUT 
CRB-5 is high 



CRB-4 



CRB-3 



Cleared 



CB2 



Low on the positive transition of 
the first E pulse following an 
MPU Write "B" Data Register 
operation. 



Set 



Low on the positive transition of 
the first E pulse following an MPU 
Write "B" Dala Register opera- 
tion. 



Low when CR8-3 goes low as a 
result of an MPU Write in Control 
Register "6". 



Always high as long as CRB-3 is 
high. Will be cleared when an 
MPU Write Control Register "B" 
results in clearing CRB-3 to 
"zero". 



High when the interrupt flag bit 
CRB-7 is set by an active transi- 
tion of the CB1 signal. 



High on the positive transition of 
the next "E" pulse. ; 



Always low as long as CRB-3 is 
low. Will go-high on an MPU Write 
in Control Register "B" that 
changes CRB-3 to "one".' 



High when CRB-3 goes high as a 
result of an MPU write inlo control 
register "B". 
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Control of CA2 and CB2 Peripheral Control Lines 
(CRA-3, CRA-4, CRA-5, CRB-3, CRB-4, and CR3-5) - 
Bits 3, 4, and 5 of the two control registers are used to 
control the CA2 and CB2 Peripheral Control lines. These 
bits determine if the control lines wili be an interrupt 
input or an output control signal, if bit CRA-5 (CRB-5) 



is low, CA2 (CB2) is an interrupt input line similar to 
CA1 (CB1) (Table 4). When CRA-5 (CRB 5) is high, CA2 
(CB2) becomes ar, output signal that may be used to 
control peripheral data transfers. When in the output 
mode, CA2 and CB2 have slightly different characteristics 
(Tables 5 and 6). 



TABLE 6 - CONTROL OF CA2 AS AN OUTPUT 
CRA-5 is high! 



CRA-5 


CRA-4 


CRA-3 


CA2 
Cleared Set 


1 








Low on negative transition of E 
after an MPU Read "A" Data 
operation. 


High on an active transition of 
the CA1 signal. 


1 





1 


Low immediately after an MPU 
Read "A" D2ta operation. 


High on the negative edge of 

the next "E" pulse. 


1 


1 





Low when CRA-3 goes low as a 
result of an MPU Write in 
Control Register "A". 


Always low as long as CRA-3 
is low. 


1 


1 


1 


Always high as long as CRA-3 
is high. 


High when CRA-3 goes high as 
a result of a Write in Control 
Register "A". 



PIN ASSIGNMENT 



1 tz 


V £S 


O CA1 


ZJ 40 


2 CZ 


PAO 

r'Ai 

PA2 


CA2 


Z2 39 


3 CZ 


IRQA 


zz 38 


4 cz 


IRQS 


n 37 


5 CZ 


PA3 


RSO 


zz\ 36 


6 CZ 


FA4 
PA5 


RS1 


Z3 35 


7 cd 


Reset 


Z3 34 


8CZ 


P.A6 


DO 


Z3 33 


9 CZ 


PA7 


D1 


ra 32 


10 cz 


cpo 


D2 


Z3 31 


n crj ps* 


D3 


t3 30 


12 CZ 


PB2 


04 


Z3 29 


is tz: 


PB3 


D5 


Z3 28 


■>< CZ 


PBA 


L>6 


Z3 27 


15 CZ 


PB5 


D7 


ZZ\ 26 


16 CZ 


PB6 


E 


m 25 


17 r= 


PB7 


C31 


13 24 


18 d 


CB1 


CS2 


ZZ\ 23 


1 CZ 


CB2 


CSO 


m 22 


"So tz 


v C c 


R/W 


=3 21 



PACKAGE DIMENSIONS 



CASE 693-04 



p n n n n n r- 


n i-i n n n r 
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75 
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te-r: 
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1 



i JU- 



r; 
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M,N 



l?«CHES 

"wax 



U 



J.Q.C4 i 51/)= I 1_9"&_i MLQ_ 

"JrV 



-S-4- 






-inn- 

ii.'oass : 



r.t 



?jj j_l 43 J. t3V O.K5 j 
T~ !;."?T ' 0.25 ' Q.J'.'S Hi nil 

rToTl"Ttif i rTtTo" 

I H.3G F 15-lr'l C.:35" 



3.C25 



a.-ii 



1.14 f 07620" fl ""745" 



NOTES 

!. LiADS WITHIN C 13 mm ip.CW 
RADIUS OF TRUE POSITION AT 
:- : A'"i\j HAUL AT MAXIMUM 
tf YIEri'Al CCVDITWJN. 

7. rj'WENSlON "L"T3 INSIDE 
G c LEADS iV.EASURtC 0.51 n;m 
('•.02J! BELO'.V PACKAGE LASE) 
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MPU CLOCK BUFFER 

The MPQ6842 is designed to provide the switching speed and 
saturation voltages necessary in the dock circuit for the 01 and <p2 
inputs ol the MCooGO Microprocessor. 



CONNECTION DIAGRAM 


c a E E 8 c 

14 p. (?■ n n n p a n 

iLA_J Q4 Q3 L_-rJ 




iPr i ! VI 




|U U ij u u u 7 U 
C 8 E E B C 





MAXIMU'.V. RATINGS 



Rating 


Symbol 


Value 


Unit 


Coll'irtor-F. mia^r Voltage 


v CEO 


30 


Vdc 


C. .Hector-Base Voltage 


^CB 


30 


Vdc 


1 3mitur Bare Voi ti y-> 


V£B 


4.0 


Vdc 


1 Collector Cu'rer.t — Corv;i':'..0 ! J$ 


'C 


200 


mAdc 










Four 










Each 


Transistors 










Trar-.sislor 


Equal Power 




Totai D ov\,er Dksip-jtior- '$>T,\ - 25°C (1! 


Pd 




500 


900 


mW 


Derate ancvc ?5' J C 






4 


7.2 


mVV.°C 


Total Power Dissipation 'IT(_ = 2D-C 


^D 




825 


2400 


mW 


Derate rbova 25°C 






6.7 


19.2 


mW°C 


Operating anu Storage Junction 


Ti.t 5W 




-55 to + 150 


°C 


Temperature Range 










(1; Second Breakdown occurs :-r povve' !e^ 


els greater 


than 3 times the power dissipation 


rating. 






THERMAL CHARACTERISTICS 
















, ._ — — 

Junct'oo to | Jcnction t -i ' 


Characteristic 






Case 


— ~~ 


\;.,j;„.i* | Unit 


"Il.e.'mal Resistance E a..h On; 






lol 


250 I ■'<-'■■,< ; 


Effective. 4 Die 






b~' 


7 39 "CV J 


Couplrry factors Q1-Q-: or G2 T 


^ ' 


34 


/0 


-'." _ — I 


Ql 0.2 or <\vQ 


' I 


2.0 


26 


I J 




A A A A A A A 




"I 

L " i. I 


"■■ 


V V V V V V V 1 
A 


t— p 



-^Fr 






mt:" 



V 



tL n 7 I 



T» 



i 



HI— 



i il oEATiiVG !K 

Q i— — 4 — q p LAN£ 



M— - — 



DIM 


IVILLIMETtRSl INCHES 


M.'N ! MAX i MIN ! ,'.1AX 


A ; 18 16 1 13 SO 7 ! 5 | 0.740 


a 
c 


6.10 i CEfi 
4.05 •! 57 


Q 240 j 3.2.-0 
"O.ltO"! 0.1 SO 





33 ' O.bl 


0.015 I C.02G 


1 F ' 1.C? I 1.62 


0.040 j 039 


1 G i 2 50 BSC 0.100 PSC 


H J_1.32 |_ 1.33 
J j 0.20 I 0.30 


0.052 ! 1.n72 : 


o.r.cc ! 012 1 


K I 2.92 [ 3.43 


0.115 ! ■:■ '35 


1 i 7.37 1 787 


0.25O , :)..' M i 


M ! - 1 1^3 


: ■"!• :.]o— i 


N 1 0.51 i 1 V? 


U.iF'. i 0.040 


P | C 13 ! r ' ? 


".305 TlIO 15 


L.fl . 


0.51 ..'. 


o.Q2oTaa3i) 



\0T-S: 

1. LEA r VViYI-n;. 0.13 mm 
■ ■' ;i n jIUSIF T RJc 

.,»'" ..)\ ATSEATiNii 
c .,:>£ AT MAXIMUM 
/■A T Ei ; !AL CONDITION. 



2. DIMENSION "L" TC 
CENTER OF LEADS 
WHEN FORMED" 
PARALLEL 



CASE 646 
PLASTIC PACKAGE 
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THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 



(l)AT.i - R 91 P nl + R g2 Kp 2 PD2 '*<?.? K(?3 P D3 



simplifies to 

OiATjT-Rg, (P D , + K £ ,2PD2 + K 93 P D 3 + K 9 4P D4 ) 



+ R 34 K«4 P D4 
Where AT j-j is the change in junction -empe'atur? of die 1 
Rgi \hrj 4 u thf. thermal resistance of die 1 Enough 4 
P;j) thru 4 h the power ciissin?tion in die 1 throuph 4 
Kb2 •-(""'ii 4 is the thermal ccupl-nj r+'fween die ', Ind 
die 2 through 4. 

follows e ' <SCtiVe PaCka£e fh9rm "' re5iE,anCe can te de,ineri 85 V3lues ,or the "^Xing factors when either the case or the 

amblont is used as a reference are given in the table on page 1 If 
(2)R(9(u FP ) - ATjT/Prj-r significant power is to be dissipated in two die. die at the opposite 

vifpr,.- P^-r i. thp ,,-t-i „U^ „„ .- ■ ends of the package should be used so that lowest possible junction 

I. r.ere. P DT is the it-tr.l packdoa power dissipation. temperatures will result. 



For the conditions where P D1 = P D2 -' P D3 = P D4 . P DT = 4P D , 
epilation (3) can be further simplified and by substituting into 
equation (2) results in 

' 4 ' R tf<EFF) = R91 '1 + K e2 + K d3 + K e4 ) /4 



ELECTR ICAL CHARACTE RS-TICS (T^ = 25°C unless otherwise noted.) 



Char, ste-istic 



CFF_Cj-j Ai ACT r PIS riCS 

jC ':'f.';to--->ii::::r tre^-do vn Voltage '^ 
1_ ' ; '? " l^irAdc:. I 6 - 0! 
jColiuct jt-ia r .i S'e.ikcxu'r Voitacs 
- 0) 



! 1 p - " 'i ^ ,1 r, 



I / ^~" "° ' : A '' C '•" = ° ! 



Collector Ci-i/t Current 

I c = 0) 



|tr.',ittt:r C'jtosl Curie U 

I 0/_rs =-- 3.0 VMj. I(_, •-- 1 

Orv CHARCOT ERiiiTiCS(l) 



I DC Cuire. t Ga'n 

! (!(.; = omAnc, V CE = 1.0 Vdc) 
i 'Ir - 1 t mAdc, V CE = 1.0 Vdc) 
I I 'c ~ ■ mAd: V CE = 1 .0 Vdc) 



jCo'iector-cmittei .' atoruicn Vo'tage 

' -I p " °-J m Ari;, ! s - 0.03 mAd.r, 0°C < T -.. /0°C) 

j Base-Emitter Saturation Voltage 

| He " 0.5 mAiJc. If, ' COS mAdcl 



DYr.'AMIC CHARACTERISTICS 



Current Gem - Bandwidth Product 11 ' 

J!; - . = l0 mAdc V CE - 20 Vdc, f --- 100 MH ! 



Ojtput Capacitance 

(V CB = 5.0 Vd,\ U: - 0, f = 100 kHz) 



Symbol 



«VcEO 



BV CBO 



bvebo 



'CBO 



'EBO 



hFE 



v CE(sat) 



'BEIsat) 



Input Capacitance 

(V ES = 0.5 Vdc. I C = 0. f = 100 khz! 



PNP 

NPN 



SMTC-.i NG CHARACTERIST ICS _<r ^ - 25°C, V cc - 5 Vdc 



-ob 



c ib 



r'dci 



Propanv-.tion Delay Time 
1 50'-= Points TP1 toTP3) 
':.C r i . J omr, TP2 toTF4l 



*PLH 

'PhL 



I 






\' t.> V/ V. 1P3 or TP4) 



i 1 1 me 

!4 7 V to 



3 V, TP3 orTP4) 



".) Pulse Test Puce Width <i 300 m, Duty Cycle =.; 2.0'/ 



Min 



30 



30 



4.C 



30 
50 

70 



200 



5.0 



5.0 



I yp 



j Max | Un 



0.05 



0.65 



350 



3.0 



5.0 
4.0 



15 

6.0 



25 



10 



50 



50 



0.15 



0.9 



4.5 



10 

8.0 



25 
15 



35 



20 



Vdc 



Vdc 



Vdc 



nAdc 



nAoc 



Vdc 



Vdc 



MHz 



?F 



pF 



-.^ -t ^ n 
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NPN 



PNP 



500 1 -t— — rr-- 



300 h 



200 1 < T " ' :b " 




FIGURE 1 - DC CURRENT GAIN 
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FIGURE 2 - "ON" VOLTAGE 
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FIGURE 3 - TEMPERATURE COEFFICIENTS 
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NPN 



PNP 




FIGURE 4 - COLLECTOR SATURATION REGION 
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FIGURE 5 - SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 
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NOTES: 

1. Unless otherwise noted, an resistors 
carbon composition Vi W ±5%. ail 
capacitors clipped mica : 2^~. 

2. Use short interconnect wiring with 
good power and ground busses. 

3. TP1 thru TP4 are coaxial connectors to 
accept scope probe tip ana provide a 

, good ground. 

4. Device jnber test is MPQ6842. 

E>. 160 p- load does not include stray 

or scope proc-e capacitance. 
6. Scope probe resis'ai ;e > 5 kH 

Scop*, probe cjpat- i'once < 10 pF . 



TP1 or TP2 
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APPLICATIONS INFORMATION' 



-.ary of the MC6800 Microprocessor 
'.-.'rruTits. The C'1 and C2 clock inputs 



1 fSJ". (-1 - 



vcit non-ov-? r :app;ng 



Figure 6 is a su 
clock waveform i»i 
require cotnpieme 
clocks. The dec* ■;rA"o --f 'he MPU appear pti-n.irily 
capacitive, being '20 mF typical and 160 pF maximum 
W'th 100 ,uAdc leal- ace. Provision is made in the specifica- 
tion for the undersnoor and overshoot that will result from 
the generation of a high speed transition into a capacitive 
load. 

The clock specifications which constrain rh? clock 
driver are the rise and fall times required to me it the 
pulse widths at the maximum operating frequency of 
1 MHz, the non-overlapping requirement, the logic levei 
requirements of Vg5 *- 0.3 volt and Vcc - 3 volt - ll_ ' e 



overshoot specification, and the MPU input caoac. ice. 
The clock buffer circuit that drives the MPU clock inputs 
must be designed to meet the rise and fall time require- 
ments as well as provide the proper logic levels into the 
load capacitance, within the overshoot constraints. The 
non-overlapping requirements of the clock signal can be 
met by the design of the control logic which drives the 
buffers. The MPQ6842 clock buffer can guarantee the 
clock designer the speed and saturation voltages necessary 
to design the clock circuit to meet the MPU clock 
requirements. 

Figure 7 is a circuit designed with TTL logic, devices end 
the MP06S42 buffer to most the MPU clock requirements 
while operating from a single +5 volt supply. The oscillator 



FIGURE S - MPL' CLOCK SPECIFICATION 
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ELF.CTRICAL CHARACTERISTICS <V CC = 5.0 V - 5°i. Vss " 0, T A = to 70°C unless otherwise noted) 



Characteristic 



Input High Volt.jtie 



Q\.07 



Input Low Vonc-ce 



01.02 



Clock Overshoot -Un aei snoot 



In out Hign Level 
input Low Level 



Symbol 



Vi.HC 



V ILC 



vos 



Input Leakage Current 

(V; n = 10 5.25 V. Vrc = V) 



01. ?2 



Capacitance * 
(V: n -0.T; 



:Z' J C. f --- 1.0 MHz) 



Frequency of Ope 



Clock Timing 
Cycle Time 
Clock Pulse Wi'iTh 

(Measures at V cc - 3 V) 

Total 01 and .•>'.! Lp Time 
Rise and Fail Tim.?-, 
(Measured 

Oealy Time c Clock Separation 

(Measured at V, : 7 = V SS + °- 5 v! 
Overshoot Du.jt ■<•- 



01 
02 

01, 02 



Mm 



'CC 



-0.3 



Typ 



Vqo-0. 



Voc-0.5 

vss -o-s 



C in 



l cyc 



PW 



OH 



*0r. ^f 



80 



0.1 



1.0 



430 

450 



Max 



V 



££ 



+ 0.1 



V ss + 0.3 



V cc t-0.5 



100 



120 



160 



1.0 



940 



5.0 



<d 



'OS 



10 



4500 
4500 



50 



9100 



40 



'Capacitances are p ' 
i^For further inform. 



oj •. : ' ' sampittf rather than i 00°i t-':ted. 

,c ) "ti r.-'CftOO system usaqe. re'er to the MG30C Applications Manual. 



Unit 



Vdc 



Vdc 



Vdc 



MHz 
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can he any source with a maximum frequency of 1 MHz, 
TTL- logic levels and a 50% duty cycle. This oscillator 
signal source could vary from a commercial oscillator, 
such as a K1100A available from Motorola's Component 
Procucts Department, 1 to a signal derived from a higher 
Trtque^cy signal already available in the system. The 
TTi. gates ahown are standard MC3000 and MC3001 
(74H00 and 74H08) gates which were chosen for their 
speed and drive characteristics. The discrete buffers require 
good "1" level pullup and drive capability which is pro- 
vided by the MC3001. The circuit was constructed on a 
wirewrap board and tested on an EXO Reiser. <-' Good 
power and ground distribution practice was followed but 
no special care was taken in parts layout. 



Waveforms typical of the circuit in Figure 7 are shown 
in Figures 8a and 8b, with Ta = 20°C and Vqc = 5.0 
volts. These figures depict the logic levels and pulse widths 
achieved by this circuitry with VqC ancl Ground as refer- 
ence levels. Figure 8c superimposes the two clock wave- 
forms so that their phase reiotionship can be seen. 
Figure 8d shows the phase relationship of Bus <?2 and 
MPU $2. Figures 8e and 8f examine the non-overlap 
regions 35 well as rise and fall times typical of this clock 
driver circuit. Table 1 presents test data taken over a 
voltage range of 4.75 volts to 5.25 volts and over a 
temperature range of D C to 70°C. Note the stability of 
tnese measured parameters, and that the logic levels 
achieved will provide noise margin on the system clocks. 



FIGURE 7 - MPU CLOCK CIRCUIT 
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Unless otherwise noted: 

All resistors are caroon composition %W, ±5% 

All capacitors are dipped mica ±2% 



V. 
MC3001 



54 V. 

MC3000 MC3001 



4.7 k 



68 pF 

Hh 

10 k 



1/4 MPQ6842 



MPU 01 



1/4 MPQ6842 




0.1 ^F Ceramic 



% MC300O 



-to- 




MPU 02 and 
DBE 



Bus 02 



1. 2533 N. fcdgington, Franklin Park, Illinois 60131, (312) 451-1000. 

2. A prototyping system for the M6800 family. 
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Boin 61 and 62 clock high times were designed to be 
15-30 ns wider than the minimum required by the MPU 
(61 = 430 ns, 62 = 450 ns) to provide system margin. 
Rise and fall times were minimized to provide maximum 
clock high times consistent with non-critical circuit layout 
considerations. The overlap margin shown easily meets the 
MPU requirement of ns at 0.5 volt but will decrease as 
the capacitive loading increases, as shown in Table 1. The 
MPU tested for this d3ta had a typical clock input capaci- 
tance of 120 pF. 

In many systems, especially in the breadboard and 
evaluation stage, it mav be desirable to have the flexi- 
bility to vary the system ciocK to test the effects on data 
throughput, real time operation with interrupts, or to help 
diagnose a system timing problem. In those applications, 
or in those not reauiring crystal oscillator st.-pihty, an 
even simpler clock circuit can be usea. A pair of cross 
coupiea monostsble multivibrators wtn individual pulse 
width adjustments can be used =s the clock osci!!:iicr with 
the cp-'viously desci ibed clock buffet circuit. Tnis approach 
,s shewn it"' Figure 9. The non overlapping clock is generated 
ov the propagation delays through tfu monostabl? multi- 
v'.D'stois. F.gutes lua — 10d ihow waveforms resulting 
from this ci.cuit. Table 2 shows test data taken of this 



circuit over the voltage and temperature range. Note the 
small variations in the pulse widths. 

The fast rise and fall times produced by this, circuitry 
and the highly Cooaci^ive loads require tome care in layout 
to avoid excessive ring my and/or pulse distortion. While no 
particular care was taken in the construction of the wire- 
wrap test boards other than placing all of the discrete 
devices into one header board, the following construction 
guidelines are recommended. Wide power and ground 
imes (50-100 mils) should ba used to provide low im- 
pedance voltage and ground sources. The clock driver 
should be physically located as near the MPU as possible 
to avoid ringing down long lines. Close proximity of the 
clock circuitry to the MPU allows common power and 
ground connections so that any noise appears common 
mode rather than differential to the MPU and clock driver. 
Finally, it is recommended that the MPU 62 clock signal 
not be used to clock any device other than the MPU so 
that it is not distributed all over the system with the 
possibility of picking up noise and causing reflections. 
The circuits shown provide an additional buffer for the 
other 62 loads in the system to isolate MPU 02 from 
all the other 62 loads. 



TABLE 1 - PERFORMANCE OF CIRCUIT OF FIGURE 7 
(C(_ = 120 pF unless otherwise noted.) 





MPU CI 






MPU <P2 




Non-Overlap Ragion 


Test Conditions 


PW 


tr 


tf 


"1" LL* 


"0" LL* 


PW 


»r 


*f 


"1" LL* 


"0" LL* 


C'litO <'<2t 


<22JtO <**t 


T ■•* 2C°C 


























V CC = 4.75 V 


460 ns 


15 ns 


10 ns 


4.75 V 


0.1 V 


4S5 ns 


15ns 


10.5 ns 


4.75 V 


V 


10.5 ns 


12 ns 


Vcc = 5.00 V 


460 


16 


11 


5.00 


0.1 


465 


16 


10 


5.00 





10 


11 


V CC - 5.25 V 


460 


16 


11 


5.25 


0.1 


465 


16 


11 


5.25 





9.5 


10.5 


V C c = 5.00 V, 


45C 


21 


15.5 


5.00 


0.1 


460 


22 


15 


5.00 





2 


5.5 


(C L = 210pF) 


























T = 70°C 


























V CC = 4.75 V 


460 


15 


12 


4.75 


0.1 


465 


16 


12 


4.75 





9 


10.5 


Vcc = 500 v 


400 


16 


12 


5.00 


0.1 


46b 


17 


12 


4.75 





8.5 


10 


V C c - 5.25 V 


J5b 


17 


12.5 


5.25 


0.1 


465 


17 


13 


5.25 





8 


9 


T = a-'c 


























Vcc = J .7S V 


460 


14 


10 


4.75 


0.1 


465 


15 


10.5 


4.75 





11 ! 


12 


Vcc ; b 00 v 


: 460 


15 


10 


5 00 


0.1 


465 


15 


10 


5.00 





10.5 ; 


11.5 


V CC ' b.25 V 


j 4r>0 


15 


10.5 


5.25 


0.1 


455 


15 


10 


5.25 







10 


10.5 



•Re-solution of this measurement as ±50 mV 
LEGEND: 



PW 
'r 
If 



Pulse width measured at Vcc — 0.3 v 

Rise time measured from 0.3 V to Vfc - 0-3 V 

Fall time measured from Vcc -03V to 0.3 V 



"0" LL: Zero logic level 
"1" LL: One logic level 
Non -Overlap: Measured from 0.5 volt levels 
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FIGURE 3 - MONOSTA6LF. CLOCK GENERATOR 
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*• Enable or Bus 02 
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Unless otherwise noted: 

All resistors are carbon composition ViW, ±5% 

All capacitors are dipped mica ±2% 
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TABLE 2 - PERFORMANCE OF CIRCUIT OF FIGURE 9 



Test Conditions 






MPU 


-.1 




MPUc>2 


Non-Overlap Region 


PW 


tr 


*f 


V LL* 


"0" LL* 


PW 


tr 


tf 


"1" LL* 


"0" LL* 


Oil to02t 


o2 i to j1 i 




T = 20°C 


























V CC = 4.75 V 


470 ns 


11 ns 


115ns 


4.75 V 


0.1 V 


450 ns 


12 ns 


12 ns 


4.75 V 


V 


12 ns 


11 ns 


V CC -500V 


470 


12.5 


13 


5.00 


0.1 


460 


13 


12.5 


5.00 





1 1 


9.5 


Vcc = 5.25 V 


470 


13 


12 


5.25 


0.1 


460 


13.5 


12.5 


5.25 





10 


9 


T = 70°C 








r - 


















Vcc = 4 - 75 v 


455 


12.5 


13.5 


4.75 


0.1 


450 


13 


13 


4.75 





11 


10 


Vcc * 5 00 v 


455 


13 


14 


5.00 


0.1 


450 


14 


14 


5.00 





10 


9 


V C c = 5 - 25 v 


455 


13 


14.5 


5.25 


0.1 


450 


14 


14 


5.25 





8.5 


7 


T = 0°C 




i 






















V CC = 4.75 V 


473 


12 


1 12 


4.75 


0.1 


470 


12 


12 


4.75 





11 


11 


V C c = 5 00 V 


475 


12 


12 


5.00 


j 0.1 


470 


12.5 


12 


5.00 





9 


11 


= 5.25 V 


475 


12.5 


12.5 


J5.25 


0.05 


473 


12.5 


12 


5.25 





9 


8 


1^' 



























•Resolution of this measu'ement 3= t50 mV 

LEGEND: PW Pulse width measured at Vcc - ° -3 V "0" LL 

t r : Rise tifnn measured from 0.3 V to Vcc — *-* ^ V "1" LL 

tf: Fall em.; measured from Vcc - 0.3 V iu 0.3 V Non-Overlap 



Zero logic level 
One log/c level 
Measured from 0.5 volt points 
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CLOCK CIRCUITRY FOR SLOW AND DYNAMIC 
V. EMORIES 

The circuitry to modify the clock signals to interface 
the MCG3GC with dynamic (e.g., MCM6605I and slow 
ir.5iior.ts can be evolved from the clock circuitry described 
previously. F-gure 11 expands the clock circuit of Fig- 
■jnj 7 (which has a crystal s tabilized source) to include 
interface signals for dynamic (Refresh Request and Refresh 
Grant) and slow memories (Memory Ready). Note that the 
only extra paits required are an MC7479 dual latch, an 
MC74fi.; hex inverter, and a pair of 10 k ohm pullup 
resistors. Tnr ; state of Refresh Request is sampled during 
the Ir-sJing edge of p1 and, if it is low, the 01 3nd 02 
c:i;jc ; ;;. to thy MPU are held in the high and low states 
rus.D.'N-it.vfcly for at least one full clock cycle. A high 
Rt'Ji'isli Grant signal is issued to indicate to the dynamic 
ifiv-.iijr, systi-rr that this cycle is a refresh cycle. Upon 
vsce-i:', o + the Refresh Grant s ignal, the memory system 
controller sets Refresh Request back high; this is clocked 
thiough on the next leading edge of 01, thereby testoring 
the system to normal opeiaion. "I hs Memory Ready iir.6 
is sampled or. the lead, no edge of 02 and, if low, the 
MPU 01 and 02 clocks are hem ,n the low and high states, 



respectively. The clocks will be held ] n these states until 
the Memory Ready line is brought high by the slow 
memory controller, allowing the slow memory controller 
to determine the amount by which <>2 is stretched. Fig- 
ures 12a and 12b show the effect of Refresh Request and 
Me mory Ready s ignals 'on the MPU clocks. Note that 
the Refresh Request signal is asynchronous with the MPU 
clocks as it is generated by the retresn oscillator in the. 
dynamic memory contrclle.-. Figures 13a and 13b show 
the phase relationship between MPU 62. Bus 02 and 
Dynamic Memory Clock. Note that Bus 02 and MPU 02 
are in phase and that the Dynamic Memory Clock leads 
MPU 02 to help offset delavs added by the memory 
system controller in decoding and level shitting this signal 
onto the memory array. 

The circuit in Figure 14 shows how the Memory Ready 
capability can be added to the cross-coupled monostable 
clock generator of Figure 9. The Memory Ready feature is 
incorporated into this circuit by switching in or out of the 
02 pulse width generator an additional timing resistor. By 
selection of the timing resistors for 01 and 02, all com- 
binations of 01, 02, and stretched 02 pulse width can 
be generated. 



FIGUftC 11 -f.'PU CLOCK CIRCUITRY WITH INTERFACE FOR SLOW AND DYNAMIC MEMORY 
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FIGURE 14 - MONOSTABLE CLOCK GENERATOR WITH MEMORY READY 
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ASYNCHRONOUS COMMUNICATIONS INTERFACE 
ADAPTER (ACIA) 

The MC6850 Asynchronous Communications Interface Adapter 
provides the data formatting and control to interface serial asyn- 
chronous data communications information to bus organized sys- 
tems such as the MC6300 Microprocessing Unit. 

The bus interface of the MC6850 includes select, enable, read/ 
write, interrupt and bus interface ; ogic to allow d-jta transfer over 
an 3-bit bi-directional data bus. The Ddraliel data of the bus system 
is serially transmitted and received by the asynchronous data inter- 
face, with proper formatting and error checking. The functional 
configuration of the ACIA is programmed via the data bus during 
system initialization. A programmable Control Register provides 
variable word lengths, clock division ratios, transmit control, receive 
control, and interruDt control. For peripheral or modem operation 
three control lines are provided. Thee lines allow the ACIA to 
interface directly with the MC6860L 0-600 bps digital modem. 

• Eight and Nine-Bit Transmission 

• Optional Even and Odd Parity 
Parity, Overrun and Framing Error Checking 
Programmable Control Register 
Optional -M, H6, and ^-64 Clock Modes 
Up to 500 kbps Transmission 
Faisa Start Bit Deletion 
Peripheral/Modem Control Functions 
Double Buffered 
One or Two Stop Bit Operation 




CERAMIC PACKAGE 
CASE 684 



M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 



MC6850 ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTER 
BLOCK DIAGRAM 
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mJWmum ratings 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


v C c 


-0 3 to +7.0 


Vdc 


Input Voltage 


Vin 


-0.3 to +7.0 


Vdc 


Ops-rating Temperature Range 


T A 


to +70 


°C 


Storage Temperature Range 


T stg 


-55 to +150 


°c 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it i« ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher 
than maximum rated voltages to this high- 
impedance circuit. 







V SS - "• 'A' 




tnerwise noted 


.1 


Characteristic 


Symbol i Min 


Typ 


Max 


Unit 


Input High Voltage 1 Normal Operating Levels) 


VlH 


2.4 




VCC 


Vdc 


Input Low Voltage (Normal Operating Levels) 


VlL 


-0.3 


_ 


0.4 


Vdc 


Input H,gh Threshold Voltage All Inputs Except Enable 


VjMT j 2.0 


_ 


_ 


Vdc 


Input Low Threshold Voltage All Inputs Excppt Enabie 


V ILT 


- 


_ 


0.8 


Vdc 


Input Leakage Current 

(V in = 0to 5.25 Vdc) R/W.CS0, CS1.C32, Enable 


<.n 


- 


1.0 


2.5 


uAdc 


1 hree-State (Off State) Input Current 

( V in - 0.4 to 2 4 Vdc, V CC » 5.25 Vdc) D0-D7 


>TSI 


- 


2.0 


10 


MAdc 


Output High Voltage 

(Load A, l Load = -100nAdc. Enable Pulse Width < 25 us! 

AM Outputs Except TrQ 


vori 


2.4 


* 


— 


Vdc 


Output Low Voltage 

! Load A, 1 lq.jj «= 1 .6 mAdc, except IRQ - Load B, 
Enable Pulse Width < 25 ms) 


vol 




— 


0.4 


Vdc 


Output Leakage Current (Off State) IRQ 


'loh 


- 


1.0 


10 


MAdc 


PoAe; Dissipation 


p D 


- 


2'JO 


525 


mW 


In aoacitance 

, Tn = °. T A * 25°C, f - 1 .0 MHz) 
D0-D7 
TxClk, RxClk, R/W, RS, Rx Data, CS0. CS1, CS2, CTS, DCD 

Enable 


c in 


— 


_ 


10 
7.0 
10 


pF 


Output Capacitance 

(V ir , = 0. T A = 25 C C, f - 1.0 MHz) 


c out 


- 


- 


10 


pF 


Minimum Ciock Pulse Width, Low (F.gure 1) 


PW CL 


600 


- 


_ 


ns 


Mir,;mu-r, Clock Pulse Width, High (Figure 2) 


PW CH 


600 


- 


1 


1 

ns 


Clock Frequency 

-7- 1 Mode 

* 16. +■ 64 Modes 


*c 


- 


- 


500 
800 


kHz 


Clock-to-Dil.3 Delay <or Transmitter (Figure 3) 


T TDn 


- 


_ 


1.0 


MS 


Receive Data Setup Time (Figure 4) + 1 Mode 


r RDSU 


500 


— 


_ 


n» 


Heceiv? Data Hold Time (Figure 5) f 1 Mode 


T RDH 


500 


_ 




ns 


liHt"".[- : Reuuest ^ilcjie Time (Figure 6) 


T IRQF! 




- 


1.2 


MS 


^tUL;^ 1 '.o-f'jnJ D J !av Time (Figure 61 


T RTS 


- 


- 


1.0 


MS 



READ (Figures 7 and 8) 



Characteristic 


Symbol 


Min 
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Tf, 



me, Address vaiid to Enable positive transition 



'l,'- T me, OdTd vahd to Enanie ne^jtive transition 
_i_-J. J ^ T' , rnt> - R ej'- j ;W''^ negative Trans ition to Enable positive transition 
ij t 'td Bus Hold Tune 



■Ak\ 



0.470 



18C 



300 



j n \s>.: and I 



:me for Enable input 



-4- 



I HvV 



J30_ 
10 



•rS-«fE I 



25 



D-118 



D COMPONENT. DESCRIPTIONS 
D.6 INTEGRATED CIRCUITS 



6850 cont'd 

FIGURE 1 - CLOCK PULSE WIDTH, LOW-STATE 
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FIGURE 3 - TRANSMIT DATA OUTPUT DELAY 
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FIGURE 2 - CLOCK PULSE WIDTH. HIGH-STAT 




FIGURE 4 - RECEIVE DATA SETUP TIME 
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FIGURE 5 - RECEIVE DATA HOLD TIME 
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FIGURE 6 — REQUEST-TO SEND DELAY AND INTERRUPT-R EQUEST RELEASE TIMES 
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FIGURE 7 - BUS TIMING TEST LOADS 
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FIGURE 8 - BUS READ TIMING CHARACTERISTICS 

(Read information from ACIA) ^^^ 
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FIGURE 9 - BUS WRITE TIMING CHARACTERISTICS 

(Write information into ACIA) _____ 
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DEVICE OPERATION 

At the bus interface, the ACI A aopears as two address- 
able memory locations. Internally, there are four registers: 
two read-only and two write-only registers. The read-only 
registers are Status and Receive Data; the write-only 
registers are Control and Transmit Data. The serial inter- 
face consists of serial input and output lines with inde- 
pendent clocks, and three peripheral/modem control lines. 

POWER ON/MASTER RESET 

The master reset <CR0, CR1) should be set during 
system initialization to insure the reset condition and 
prepare for programming the ACIA functional configu- 
ration when the communications channel is required. 
Control bits CR5 ard CR6 should also be programmed to 
define the state of RTS whenever master reset is utilized. 
The ACIA also contains internal power-on reset logic to 
detect the power line turn-on transition and hold the chip 
in a reset state to prevent erroneous output transitions 
prior to initialization. This c : rcuitry depends on clean 
power turn-on transitions. The power-on reset is released 



by means of the bus-programmed master reset which must 
be applied prior to operating the ACIA. After master 
resetting the ACIA, the programmable Control Register 
can be set for a number of options such as variable clock 
divider ratios, variable word length, one or two stop bits, 
parity (even, odd, or none), etc. 

TRANSMIT 

A typical transmitting sequence consists of reading 
the ACIA Status Register either as a result of an interrupt 
or in the ACIA's turn in a polling sequence. A character 
may be written into the Transmit Data Register if the 
status read operation has indicated that the Transmit 
Data Register is empty. This character is transferred to a 
Shift Register where it is serialized and transmitted from 
the Transmit Data output preceded by a start bit and 
followed by one or two stop bits. Internal parity ('■•l^or 
even) can be optionally added to the character anu *vill 
occur between the last data bit and the first stop bit. 
After the first character is written in the Data Register, 
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the at'js Register can be read again to check for a 
Transmit Data Register Empty condition and current per- 
ipheral status. If the register is empty, another character 
can be loaded for transmission even though the first 
character is in the process of being transmitted (because 
of doubie buffering). The second character will be auto- 
matically transferred into the Shift Register when the first 
character transmission is completed. This sequence con- 
tinues until all the characters have been transmitted. 

RECEIVE 

Data is received from a peripheral by means of the 
Receive Data input. A divide-by one clock ratio is pro- 
vided for an externally synchronized clock (to its data) 
while the divide-by-16 and 64 ratios are provided for 
internal synchronization. Bit synchronization in the 
divide-by-16 and 64 modes is initiated by the detection of 
the leading mark-to-space transition of the start bit. 
False start bit deletion capability insures that a full half 
bit ot a start bit has been received before the internal 
clock is synchronized to the bit time. As a character is 
being received, parity (oac or even) will be checked and 
the error indication will be available in the Status Register 
along with framing error, overrun error, and Receive Data 
Register full. In a typical-receiving sequence, the Status 
Register is read to determine -i a character has been re- 
ceiv-- 1 from a peripheral. If the Receiver Data Register is 
fuli^^e character is placed on the 8-bit ACIA bus when a 
Read Data command is received from the MP'J. When 
parity has been selected for an 8-bit word (7 bits plus 
parity), the receiver strips the parity bit (D7 = 0) so that 
data alone is transferred to the MPU. This feature reduces 
MPU programming. The Status Register can continue to 
be read again to determine when another character is 
available in the Receive Data Register. The receiver is 
also double buffered- so that a character can be read from 
the data register as another character is being received 
in the shift register. The above sequence continues until 
all characters have been received. 



INPUT/OUTPUT FUNCTIONS 

ACIA INTERFACE SIGNALS FOR MPU 

The ACIA interfaces to the MC6800 MPU with an 8-bit 
bi-directional data bus, three chip select lines, a register 
Sciect line, an interrupt request line, read/write line, and 
enable line. These signals, in conjunction with the 
MC68C0 VMA output, permit the MPU to have complete 
control over the ACIA. 

ACIA Bi-Directional Data (D0-D7) - The bi-directionai 
data iines (D0-D7) allow for data transfer between the 
ACIA and the MPU. The data bus output drivers are 
three-state devices that remain in the high-impedance 
(o' taie except when the MPU performs an ACIA 
rtd'Wperation. 

ACIA Enable (E) - The Enable signal. E, is a high 
■rnptdance TTL compatible input that enables the bus 



input/output data buffers and clocks data to and from 
the ACIA. This signal will normally be a derivative of 
the MC6800£2 Clock. 

Read/Write (R/W) - The ReadAVrite line is a high 
impedance input that is TTL compatible and is used to 
control the direction of data flow through the ACIA's 
input/output date bus interface. When ReadAVrite is 
high (MPU Read cycle), ACIA output drivers are turned 
on and a selected register is read. When it is low, the 
ACIA output drivers are turned off and the MPU writes 
into a selected register. Therefore, the Read/Write 
signal is used to select read-only or write-only registers 
within the ACIA. 

Chip Select (CSO, CS1. CS2) - These three high im- 
pedance TTL compatible input lines are used to address 
the ACIA. The ACIA is selected when CSO and CS1 are 
high and CS2 is low. Transfers of data to and from the 
ACIA are then performed under the control of the Enable 
signal, Read/Write, and Register Select. 

Register Select (RS) — The Register Select line is a 
high impedance input that is TTL compatible. A high 
level is used to select the Transmit/Receive Data Registers 
and a low level the Control/Status Registers. The Read/ 
Write signal line is usee in conjunction with Register 
Select to select the read-only or write-only register in each 
register pair. 

Interrupt Request (IRQ) — Interrupt Request is a TTL 
compatible, open-drain (no internal pullup), active low 
output that is used to interrupt the MPU. The Interrupt 
Request remains low as long as the cause of the interrupt 
is present and the appropriate interrupt enable within the 
ACIA is set. 

CLOCK INPUTS 

Separate high impedance TTL compatible inputs are 
provided for clocking of transmitted and received data. 
Clock frequencies of 1, 16 or 64 times the data rate may 
be selected. 

Transmit Clock (Tx C!k) — The Transmit Clock input 
is used for the clocking of transmitted data. The trans- 
mitter initiates data on the negative transition of the 
clock. 

Receive Clock (Rx Clk) - The Receive Clock input is 
used for synchronization of received data. (In the 4- 1 
mode, the clock and da;a must be synchronized exter- 
nally.) The receiver samples the data on the positive 
transiton of the clock. 

SERIAL INPUT/CUTPUT LINES 

Receive Data (Rx Dat:j) — The Receive Data line is a 
h^gh impedance VTL compatible input through which data 
is received in a serial format. Synchronization with a 
clock for detection of data is accomplished internally 
when clock rates of 16 ot 64 times the bit rate are used. 
Data rates an in the range of to 500 kbps when external 
synchronization is utilized. 

Transmit Data (Tx Data) — The Transmit Data output 
line transfc-ts serial data to a modem or other peripheral. 
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Data rates are in the range of to bOO knos when external 
synchronization ; s utilized. 

peripheral/modem control 

The ACI A includes several functions that permit limited 
control of a periphe-al or mocem. The functions included 
are Clear-to-Send, Request-to-Send and Data Carrier De- 
tec t. 

Clear-to-Send (CTS) - This high imced^nce TTL com- 
patible input provides automatic control of the trans- 
mitting end of a communications link via the modem 
Clear-to-Send active low output by inhibiting the Trans- 
mit Data Register Empty (TORE) status bit. 

Request-to-Send (RTS) — The Request-to-S2nd output 
enables the MPU to control a peripheral or modem via 
the data bus. The RTS output corresponds to the state 
of the Control Register bits CR5 and CR6. When CR6 = 
or both CR5 and CR6 = i, the RTS output is iow (the 
active st ate). This output can also be used for Data 
Te-minal Ready (DTR). 



Data Carrier " Detect (DCO) — This high impedance 
TTL compatible input provides automatic control, such 
as in the receiving end of a communications link by means 
of a modem Data Carrier Detect output. The D~CO input 
inhibits and initializes the receiver section of the ACIA 
when high. A low to inch transition of the Data Carrier 
Detect initiates an interrupt to the MPU to indicate the 
occurrence of a loss of carna* when tiie Receive Interrupt 
Enable bit is set. 

ACIA REGISTERS 

The expanded block diagram for the ACIA indicates 
the interna! registers on the chip that are used for the 



status, control, receiving, and transmitting of data. T!:e 
content of each of the registers is summarized in Table 1. 

TRANSMIT DATA REGISTER (TDR) 

Data is written in the Transmit Data Register during 
the negative transition of the enable (E) when the ACIA 
has been addressed and RS • R/W is selected. Writing 
data into the register causes the Transmit Data Register 
Empty bit in the Status Register to go low. Data can then 
be transmitted. If the transmitter is idling and no char- 
acter is being transmitted, then the transfer will taKe 
place within one bit time of the trailing edge of the 
Write command. If a character is being transmitted, the 
new data character will commence as soon as the previous 
character is complete. The transfer of data causes the 
Transmit Data Register Empty (TORE) bit to indicate 
empty. 

RECEIVE DATA REGISTER (RDR) 

Data is automatically transferred to the empty Receive 
Data Register (RDR) from the receiver deseralizer (a 
shift register) upon receiving a complete character. This 
event causes the Receive Data Register Full bit (RDRF) 
in the status buffer to go high (full). Data may then be 
read through the bus by addressing the ACIA and se^*l|ng 
the Receive Data Register with RS and R/W high >.iiin 
the ACIA is enabled. The non-destructive read cycle 
causes the RDRF bit to be cleared to empty although 
the data is retained in the RDR. The status is maintained 
by RDRF as to whether or not the data is current. When 
the Receive Data Register is full, the automatic transfer 
of data from the Receiver Shift Register to the Data 



TABLE 1 - DEFINITION OF ACIA REGISTER CONTENTS 



• Leading nit = L5B * 8tt 
■ • Data bit will be zero in 7-bit plus parity iT.oues. 
•"• Data bit is "don't care" in 7-bii plus part tv mooes. 
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RS • RTW 


RS • R/W 


Bus 


Transmit 


Receive 






Line 


Data 


Data 


Control 


Status 


Number 


Register 


Register 


Register 


Register 


(Write. Only) 


(Read Only) 
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Register is inhibited and the RDR contents remain valid 
with its cuFrent status stored in the Status Register. 

CONTROL REGISTER 

The ACIA Control Register consists of eight bits of 
write-only buffer that are selected when RS and R/Ware 
low. This register controls the function of the receiver, 
transmitter, interrupt enables, and the Request-to-Send 
peripheral/modem control output. 

Counter Divide Select Bits (CRO and CR1) - The 
Counter Divide Select Bits (CRO and CR1) determine the 
divide ratios utilized in both the transmitter and receiver 
sections of the ACIA. Additionally, these bits are used to 
provide a master reset for the ACIA which clears the 
Status Register (except for external conditions on CTS 
and DCD) and initializes both the receiver and transmitter. 
Master reset does not affect other Control Register bits. 
Note that after power-on. or a power fail/restart, these 
bits must be set high to reset the ACIA. After reseting. the 
ciock divide ratio may be selected. These counter select 
bits provide for the following clock divide ratios: 



CR1 


CRO 


Function 








-r 1 





1 


■S- 16 


1 





-r64 


^ r 1 


1 


Master Reset 



Word Select Bits (CR2, CR3, and CR4) - The Word 
Select bits are used to select word length, parity, and the 
number of stop bits. The encoding format is as follows: 



CR4 


CR3 


CR2 


Funrt-on 











7 Bits ♦ Cven Parity * 2 Stop Bits 








1 


7 Bits + Odd Paiky f 2 Stop Bits 





1 





7 Bits + Evyn Parity + 1 Stop Bit 





1 


1 


7 Bits + Ocd Parity * 1 Stop Bit 


1 








8 Bits + 2 Stop Bits 


1 





1 


8 Bits + 1 Stop Bit 


1 


1 





8 Bits + Even Parity + 1 Stop Bit 


1 


1 


1 


8 Bits + Odd Parity + 1 Stop Bit 



Word length, Parity Select, and Stop Bit changes are 
not buffered and therefore become effective immediately. 

Transmitter Control Bits (CR5 and CR6) - Two 

Transmitter Control bits provide for the control of the 
Interrupt from the Transmit Data Register Empty con- 
dition, the Request-to-Send output, and the transmission 
of a Break level (space). The following encoding format is 
used: 



CR6 


CR5 


Function I 




"HMT 
1 



1 

1 


RTS = low. Transmitting Interrupt Disjb:3d. 

RTS = low. Transmitting Interrupt Enableo. 

RTS = high, Transmitting Interrupt Disabled. 

RTS = lo^v, Transmits a Break leuet on the 

Transmit Data Output. Transmitting 

Interrupt Disabled. 

— - i 



Receive Interrupt Enable Bit (CR7) - Interrupts will 
be enabled by a high level in bit position 7 of the Control 
Register (CR7). Interrupts from the receiver section, 
Receive Data Register Full being high or by a low to 
high transistion on the Data Carrier Detect signal line, 
are enabled or disabled by the Receive Interrupt Enable 
Bit. 

STATUS REGISTER 

Information on the status of the ACIA is available to 
the MPU by reading the ACIA Status Register. This 
read-only register is selected when RS is low and R/W 
is high. Information stored in this register indicates the 
status of the Transmit Data Register, the Receive Data 
Register and error logic, and the peripheral/modem status 
inputs of the ACIA. 

Receive Data Register Full {RDRF), Bit - Receive 
Data Register Full indicates that received data has been 
transferred to the Receive Data Register. RDRF is cleared 
after an MPU read of the Receive Data Register or by a 
master reset. The cleared or empty state indicates that 
the contents of the Receive Data Register are not cur- 
rent. Data Carrier Detect being high also causes RDRF 
to indicate empty. 

Transmit Data Register Empty (TDRE), Bit 1 - The 
Transmit Data Register Empty bit being set high indicates 
that the Transmit Data Register contents have been trans- 
ferred and that new data may be entered. The low state 
indicates that the register is full and that transmission of 
a new character has not begun since the last write data 
command. 

D ata Carrier Detect (DCD), Bit 2 - The Data Carrier 
Detect bit will be high when the DCD input from a modem 
has gone high to indicate that a carrier is not present. 
This bit going high causes an Interrupt Request to be 
generated when the Receive Interrupt Enable is set. It 
remains high after the DCD input is returned low until 
cleared by first reading the Status Register and then the 
Data Register or until a master reset occurs. If the DCD 
input remains high after read status and read data or 
master reset have "occurred, the DCD status bit remains 
high and will follow the DCD input. 



Clear-to-Send (CTS), Bit 3 - The Cl ear-to-Send bit 
indicates the stats of the Clear-to-Send input from a 
modem. A low CT5 indicates that there is a Clear-to-Send 
from the -modem. In the high state, the Transmit Data 
Register Empty bit is inhibited and the Clear-to-Send 
status bit will be high. Master reset does not affect the 
C!ui,r to- Send Status bit. 

Framing Error (FE), Bit 4 — Framing error indicates 
that the received character is improperly framed by a 
start and a stop bit and is detected by the absence of the 
1st stop bit. Tnis error indicates a synchronization error, 
fa-iity transmission, or a Dreak condition. The framing 
error flag is set or reset during the receive data transfer 
time. Therefore, this error indicator is present through- 
out the time that the associated character is available. 
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Receiver Overrun (OVRM), Bit 5 — Overrun is an 
error flag that indicates that one or more characters in 
the data stream v/a re lest. That is, a character or a 
number of characters were received Put net read from the 
Receive Data Registe- (RDR) prior to subsequent char- 
acters being received. The overrun condition begins at 
the midpoint of the last bit of trie second character re- 
ceived m succession without a read of the RDR having 
occurred. The Overrun does not occur in the Status 
Register until the valid character prior to Overrun has 
been read. The RORF bit remains set until the Overrun 
is reset. Character synchronization is maintained during 
the Overrun condition. The Overrun indication, is reset 
after the reading of data from the Receive Data Register. 
Overrun is aiso reset by the Master Reset. 



Parity Error (PE), Bit 6 - The parity error flag indi- 
cates that the number of highs (ones; in the character 
does not agree with the preselected cad or even parity. 
Odd parity is defined to be whi?n the total number of ones 
is odd. The parity error indication will be present as long 
as the data character s in the RDR. if no parity is 
selected, then both the transmitter parity generator out- 
put and the receiver parity check results are inhibited. 

Interrupt Request (IRQ), Bit 7 - The IRQ bit indi- 
cates the state of the IRQ output. Any interrupt condi- 
tion with its applicable enable will be indicated in this 
status bit. Anytime the IRQ output is low the IRQ bit 
wili be high to indicate the interrupt or service request 
status. 
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0-60C bps DIGITAL MODEM 

The MC6860 is a MOS subsystem designed to be integrated into a 
wide range of equipment utilizing serial data communications. 

Th? modem provides the necessary modulation, demodulation and 
supervisory control functions to implement a setiai data communica- 
tions link, over a voice grade channel, utilizing frequency shift 
keyirg (FSK) at bit lates up to 600 bps. The MC6860 can be 
implemented into a wide range of data handling systems, including 
stand alone modems, data storage devices, remote data communi- 
cation terminals and I/O interfaces for minicomputers. 

N-channel silicon gate technology permits the MC6860 to operate 
using a sinqle voltage supply and be fully TTL compatible. 

The modem is compatible with the i\16800 microcomputer family, 
interfacing directly with the Asynchronous Communications Interface 
Ao£pter to provide low-speed data communica Jons capability. 

• Originate and Answer Mode 

• Crystal or External Reference Control 

• Modem Self Test 

• Terminal Interfaces TTL-Compatible 

• Full-Duplex or Half-Duplex Operation 

• Automatic Ans.ver and Disconnect 

• Compatible Functions for 100 Series Data Sets 

" Compatible Functions for 1001 A/B Data Couplers 
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BLOCK DIAGRAM 



MC6860 DIGITAL MODEM 
BLOCK DIAGRAM 
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MAXIMUM RATINGS (Volt 


ag°i referenced to Vc^. Fin 1) 




Rating 


SytrLol 


V^lue 


Unit 


Stipnly Voltage 


Von 


-0.3 tc no 


Vdc 


Data inpMt Voltage 


V in 


•C." »o ^7.0 


Vdc 


Operating Temperature fledge 


T, S 


to i-70 


°C 


Storage Temperature France 


T st q 


-55 to H50 


°C 



T his device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric field',; however, it is advised that 
normal precautions be taken to avoid applica- 
tion of any voltage higher than maximum rated 
voltages to this hic,h impedance circuit. 



ELECTRICAL CHARACTERISTICS (V DD = 5.0+0.25 Vdc, all voltages referenced to V S s = 0, T A = to 70°C, 

all outputs loaded as shown in Figure 1 unless otherwise noted.) 



Characteristic 


Symbcl 


Min 


Tvp 


Max 


Unit 


Input High Voltage, All Inputs Except Crystal 


V| H 


2.0 


- 


V D D . 


Vdc 


input Low Volt3ge, Ali Inputs Except Crystal 


VlL 


v S s 


- 


0.80 


Vdc 


Crystal Input Voltage 

(Crystal Input Driven from an External Reference, Input Coupling 
Capacito' = 200 pF, Duty Cycle = 50 ±5%) 


Vin 


1.5 




2.0 




Input Current 

(V, n = V SS> Al1 Inputs Except Rx Car, Tx Data, TD.TST, R~i,SH 
RI,SH Inputs 


'in 


- 


- 


-0.2 
-1.6 


mAdc 


Input Leakage Current 

(V in = 7-0 Vdc, V DD = Vcc, ,T A = 25°C> 


>IL 


- 


- 


1.0 


MAdc 


Output High Vcitage, All Outputs Except An Ph and Tx Car 
(Iq HI = -0.04 mAdc, Load A) 


VOH1 


2.4 


- 


VDD 


Vdc 


Output Low Voitage, All Outouts Except An Ph and Tx Car 
(IfjLI = '-6 rrAdc. Lo^d A) 


VOL1 


v S s 


— 


0.40 


Vdc 


Output High Current, An Ph 
(VoH2 = - 8 Vdc ' Load B > 


>OH2 


0.30 


— 


— 


mAdc 


Output Low Voltage, An Ph 
(, OL2 = °. Load B) 


v OL2 


v S s 


— 


0.30 


Vdc 


Input Capacitance 

(f =0.1 MHz, T A =25°C) 


Cjn 


— 


5.0 


— 


pF 


Output Capacitance 

(f = 0.1 MHz, T A -25°C! 


c out 


- 


10 


— 


pF 


Transmit Carrier Output Voitage 
(LoadC) 


vco 


0.20 


0.35 


0.50 


V(RMS) 


Transmit Carrier Output 2nd Harmonic 
(Load C) 


V 2 H 


-25 


-32 


- 


dB 


Input Transition Times, Ali Inputs Except Crystal 

(Operating in the Crystal Input Mode; from 10% to 90% Points) 


tf 

tf 


- 


- 


1.0* 
1.0* 


US 


Input Transition T irnes, Crystal Input 

(Operating in External Input Reference Mode) 


tf 


- 


- 


30 
30 


i.s 


Output "I ransiticn r.Tiss, All Outputs Except Tx Car 
(From 10% to 30% Points' 


tr 
tf 


- 


- 


5.0 
5.0 


m> 


Vqd Supply Current 

(All Inputs at Vgg and All Outouts Open) 


'DO 


- 


30 


65 


mAdc 



'Maximum Input Transition Times are < 1 x Pulse Width or the specified maximum of 1 .0 ms, whichever is smaller. 
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FIGURE 1 - OUTPUT TEST LOADS 



Load A — TTL Output Load for Receive Break, Digital Carrier, Mode, Clear-to-Send, 
and Receive Data Outputs 



P V DD 



r 



n 



O V 



cc 



1 



f 



Cj " 20 pF - total parasitic capacitance, which includes 

probe, wiring, and load capacitances 
R1 is adjusted for 1 1 - 1 .6 mA at V| ~ 0.4 V when 

output node is disconnected. 




MC6860 



l_ 



C T 



Simulated TTL Load 



y MMD6150 

\m or Equiv 

wC MMD7000 

■Jf— or Equiv 



_J 




Load B — Answer Phone Load 

"1 



Load C — Transmit Carrier Load 
9 V D D 



Pin 4 



"L 
2.67 k 

+1% 



MC6860 



MC6860 



100 k 



Pin 10 100 k 

-* )(-W\ i 



1.0 uf- 



1 k 






PIN ASIi 


IGNMENT 




1 CZj Vss* 


HxData 


ID 24 


2 ! I T» Data 


CTS 


~~l 23 


3 [ZZ 


Rx Bik 


ESD 


"~~|22 


4 r^ 


Ar r'h 


SH 


IZ3 21 


= lz: 


eL~g 


DTR 


~~l 20 


6 Lz: 


ess 


Rl 


p« 


'£= 


TD 


TST 


tz)l8 


3 — 


tx Brk 


Rx Car 


^ 17 




9 j 


Brk~R 


ST 


pi6 


io I — 


Tx Car 


Mode 


fa 15 


w ~ 


F-O 


Rx Rate 


ZD n 


12 [Hi ^DO 

I „ 


Xtal 


j 13 



PACKAGE DIMENSIONS 



CASE 68404 
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OIV 


j millimeters! 


INCHES i 


1 Vl=» 


j MAX i 


"ill 


''AX ] 


A 


2r- 3* 


. 30 <6 


1 lhSj 

"C^0_ 
Jv.2j_ 
-5.5 'Li. 


1 ?isj 
3 5tUj 
OTtJM 

b ::gj 

3 0t5| 
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NOTES 

1 LEADS AITHPN L' 13 mm 
,0 005' riADlUS OF TfiJE 

pqs;t:o\ at seating 
plane with ww'vum 

MATE DIALCGNCniON 

2 L r a " NO I C'JT ?oa 
i;-.'."'FI3ATIQN OR 
EL'.'- OS TOP 

3 tliV ' ■•„ -TO i''S'DE 

OF LEAOS IMEASUREO 
0.5) mm :0 020) BELOW 
PKG£ASE' 
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BLOCK DIAGRAM 



Data Terminal 



Ready 



Clear to-Sanct 23 



Break Rei9ase 9 O *• 

Receive Break 3 Oafl. 
Transmit Break 8 O *- 



Terminal 

Control 

Logic 



Auto 

Answar/ 

Disconnect 

Logic 



Oigital Carrier 11 O* 



Transmit Data 2 O- 



Transmit Carrier 10 O- 1 

Receive Data 24 O 

Receive 
Data Rate 

Receive Carrier 17 o— 



Modulator 



De- 
modulator 



Crystal 13 O- 



Test Clock 18 i 



Osc 



Timing 



4 Answer Phone 



19 Ring Indicator 



21 Switch Hook 

15 Mode 

7 Tnreshold Detect 



v DO = Pin 12 
V ss - Pin 1 



O 
22 



NOTE 1. 



ESD = Enable Space Disconnect 
ELS = Enarrle Long Space Disconnect 
ESS » Enable Short Space Disconnect 



Self Test 16 22 5 6 ESS (Notel) 
ESD ELS 



DEVICE OPERATION* 



GENERAL 

Figure 2 shows the modem and its interconnections. 
The data to be transmitted is presented in serial format 
to the modulator for conversion to FS!< signals for trans- 
mission on the telepncne line. The modulator output is 
buffered before driving the line. 

The FSK signal from the remote modem is received 
via the telephone line and filtered to remove extraneous 
signals such as the local Transmit Carrier. This filtering 
can be either a bandpass whch passes only the desired 
band of frequencies or i notch which rejects the known 
interfering signil. Th<? oerirect. s ; gna! is then limited to 
preserve the axis crossings erd fed to the demodulator 
where the data is recovered from the received FSK carrier. 

The Supervisory Control provides the necessary com- 
mands and responses h "oi handshaking with the remote 
modem, along with the interface signals to the data coupler 
and communication terminal. If the modem is a built in 
unit, all input-output (i/O) logic need not be R3-232 

•See Tables 1 and 2 for delay time tolerances. 



compatible. However if the modem is a stand-alone unit 
the computer-modem l/Q interface must conform to the 
EIA specification. The use of MC143S and MCI 439A line 
drivers and receivers v/'ll provide the required interface. 



Answer Mode 

Automatic answering is first initiated by a receipt of a 
Ring Indicator (Ffi) signal. This can be either a low level 
for at least 51 ms as would come from a CBS data 
coupler, or at least 20 cycles of a 20-47 Hz ringing signal 
(low level > 50% of the duty cycle) as would co me from a 
CBT data coupler. The presence of the Ring Indicatory 
signal places the modem in the Answer Mode; if the Data 
s low, indicating the commun^ion 



Terminal Ready line 

terminal is ready to send or receive data, the Answe ~\)ne 
output goes high. This output is designed to drive a tran- 
sistor switch which wiil activate the Off Hock (OH) and 
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Dati .nsmission (DA) relays in the data coupler. Upon 
answering the phone the 2225-Hz Transmit Carrier is 
turned on. - 

The originate modem at the other end detects this 
2225-Hz signal and after a 450 ms delay (used to disable 
any echo suppressors in the telephone network) trans- 
mits a 1270-Hz signal which the local answering modem 
detects, provided the amplitude and freouency require- 
ments are met. The amplitude threshold is set external to 
the modem chip. If the signal level is sufficient the TD 
input should be low for 20 /is at least once every 
32 ms. The absence of a threshold indication for a period 
greater than 51 ms denotes the loss of Receive Carrier 
and the modem begins hang-up procedures. Hang-up will 
occur 17 s after Rl has been released provided the 
handshaking routine is not re-established. The frequency 
tolerance during handshaking is ±.100 Hz from the 
Mark frequency. 

After the 1270-Hz signal has been received for 150 ms, 
the Receive Data is undam ped from a M ark condition and 
data can be received. The Clear-to-Send output goes low 
450 ms after the receipt of carrier and data presented to 
the answer modem is transmitted. 

Automatic Disconnect 

Upon receipt of a space'of 150 ms or greater duration, 
the modem clamps the Receive Break high. This con- 
diti exists until a Break Release command is issued at 
tne^pe.eiving station. Upon receipt of a 0.3 s space, with 



Enable Short Space Disconnect at the most neg ative voltage 
(low), the modem automatically hangs up. If Enable Long 
Space Disconnect is low, the modem requires 1.5 s of 
continuous space to hang up. 

Originate Mode 

Upon receipt of a Switch Hook (SH) command the 
modem function is placed in the Originate Mode. If the 
Data Terminal Ready input is enabled (low) the modem 
will provide a logic high output at Answer Phone. The 
modem is now ready to receive the 2225-Hz signal from 
the remote answering modem. It will continue to look for 
this signal until 17 s after SH has been released. Discon- 
nect occurs if the handshaking routine is not established. 

Upon receiving 2225 ±.100 Hz for 1 50 ms at an accept- 
able amplitude, the Receive Data output is undamped 
from a Mark condition and data reception can be accom- 
plished. 450 ms after receiving a 2225-Hz signal, 3 1270-Hz 
signal is transmitted to the remot e modem. 750 ms after 
receiving the 2225-Hz signal, the Clear-to-Send output is 
taken low and data can now be transmitted as we!! 
as received. 

Initiate Disconnect 

In order to command the remote modem to auto- 
matically hang up, a disconnect signal is sent by the local 
modem. This is accomplished Py pulsing the normally low 
Data terminal Roady into a high state for greater than 
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FIGURE 3 - I/O INTERFACE CONNECTIONS FOR MC6860 
(ORIGINATE/ANSWER MODEM) 
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34 rr.s. The local modem then sends a 3 s continuous 
space and firings up provided the Enable Space Disconnect 
is low. If the remote modem hangs up before 3 s, loss of 
Threshold Detect will cans? loss of Clear-to-Send, which 
marks the line in Answer Mode and turns the carrier off 
in the Originate Mode. 

If ESD is high the modem will transmit data until 
hang-up occurs 3 s later. Transmit Break is clamped 1 50 ms 
following the Data Terminal Reauy interrupt. 

INPUT/OUTPUT FUNCTIONS 

Figure 3 shows the I/O interface for the low speed 
modem. The following is a description of each individ- 
ual signal: 



Receive Carrier (Rx Car) 

The Receive Carrisr is trw FSK input to the demodu- 
lator. The local Transmit Carrier must be balanced or 
filtered out prior to this input, leaving only the Receive 
Carrier in the signal. The Receive Carrier must also be hard 
limited. Any half-cycle period greater than or equal To 
429 ± 1.0 [is for the low band or 235 ±. 1.0 jus for the 
high band is detected as a space. 



Ring Indicator (Rl) 

The modem function will recognize the receint of :-. 
call from the CBT if at least 20 cycles of the 20-47 !■!.'. 
ringing signal (lovy_ level > 50% of the duty cvcie! -se 
present. The CBS Rl signal must be level-converted to 1 TL 
according to the EIA RS-232 specification before inter 
facing it with the modem function. The receipt of a can 
from the CBS is recognized if the Rl signal is present fo 
'at least 51 ms. This input is held high except during ringing 
A RT signal automatically places the modem function 
in the Answer Mode. 



Switch Hook (SH) 

SH interfaces directly with the CBT and via the EiA 
RS-232 level conversion for the CBS. An SH signal auto- 
matically places the modem function in the Originate <^cae. 
SH is low during origination of a call. The mocitri ;-i>\\ 
automatically hang up 17 s after releasing SH if the han;t 
shaking routine has not been accomplished. 



Threshold Detect (TD) 

This input is derived from an external threshold c- 
tector. If the signal level is sufficient, the TD input rrii. 



D-lVi 



D COMPONENT DESCRIPTION 
D.6 INTEGRATED CIRCUITS 



6860 cont'd 

, e low for 20 ;;s at lei.it once every 32 ms to maintain 
.i?rmal operation. An insufficient signal level indicates the 
absence of the Receive Carrier; an absence for less than 
32 ms will not cause channel establishment to be lost; 
no'.vever, data during this interval will be invalid. 

H the signal is present and the level is acceptable at all 
times, then the threshold input can be low permanently. 

Loss of threshold for 51 ms or longer results in a loss 
of CieaTtaSend. The Transmit Carrier of the originate 
modem is clamped off and a constant Mark is transmitted 
from the answer modem. 

Receive Data Rate (Rx Rate) 

The demodulator has been optimized for signal-to-noise 
performance at 300 bps and 600 bps. The Receive Data 
Rate input must be low for 0-600 bps and should be 
high for 0-300 bps. 

Transmit Data (Tx Data) 

Transmit Data is the binary information presented to 
tne modem function for modulation with FSK tech- 
niaues. A high level represents a Mark. 



Data "1 erminal Ready (DTR) 

The DatlTT erminal Ready signal must be low before 
the modem function will be enabled. To initiate a dis- 
connect, DTR is held high for 34 ms minimum. A dis- 
connect will occur 3 s later. 



Break Release (Brk R) 

After receiving a 1 50 ms space signal, the clamped high 
condition of the Receive Break output can be removed by 
Mjid.nq Break Release low for at least 20 us. 



transmit Break (Tx Brk) 

The Break command is used to signal the remote 



modem to stop sending data. 



transmit Break (low) greater than 34 ms forces the 
.m to :-er>d a continuous space signal for 233 ms. 



TttsmiT Break must be initiated only after CTS has been 
estc-olished. This is a negative edge sense input. Prior to 
insisting Tx Brk, this input must be held high for a 
minimum of 34 ms. 



ET-iaoed Space Disconnect (ESD) 

When ESD is strapped low and DTR is pulsed to 
initiate a disconnect, the modem transmits a space for 
either 3 s or until a loss of thteshold is detected, which- 
ever occurs first. If ESD is strapped high, data instead of a 
space is transmitted. A disconnect occurs at the end of 3 s. 



Enairie Long Space Disconnect {ELS) 

ELS is a strapping option which, when low, will auto- 
matically hang up the phone upon receipt of a continuous 
space for 1.5 s. 

Crystal (Xtal) 

A 1.0-MHz crystal with the following parameters is 
required to utilize the on-chip oscillator. A 1 .0-MHz square 
wave can also be fed into this input to satisfy the clock 
requirement. 



Mode: 

Frequency: 

Series Resistance: 

Shunt Capacitance: 

Temperature: 

Test Level: 

Load Capacitance: 



Parallel 

1.0 MHz ±0.1% 

750 ohms max 

7.0 pF max 

0-70OC 

1.0 mW 

13 pF 



When utilizing the 1.0-MHz crystal, external parasitic 
capacitance, including crystal shunt capacitance, must be 
< 9 pF at the crystal input. 

Test Clock (TST) 

A test signal input is provided to decrease the test time 
of the chip. In normal operation this input must be 
strapped low. 



Self Test (ST) 

When a low voltage level is placed on this input, the 
demodulator is switched to the modulator frequency and 
demodulates the transmitted FSK signal. Channel establish- 
ment, which occurred during the initial handshake, is not 
lost during self test. The Mode Control output changes 
state during SeTfTest, permitting the receive filters to pass 
the local Transmit Carrier. 



ST 


SH 


m 


Mode 


H 


L 


H 


H 


H 


H 


L 


L 


L 


L 


H 


L 


L 


H 


L 


H 



Answer Phone (An Ph) 



Upon receipt of Ring Indicator or Switch Hook signal 
and Dat? Terminal "Ready, the Answer Phone output goes 
high [(SH + Rl) • DTR] . This signal drives the base of a 
transistor which activates the Of* Hook and Data Trans- 
mission control lines in the data coupler. Upon call com- 
pletion, the Answer Phone signal returns to a low level. 



-liiubla Short Space Disconnect (ESS) 

"ESS is a strapping option which, when low, will auto- 
matically hang up the phone upon receipt of a continuous 
v.^co for 0.3 s. ESS and ELS must not be simultaneously 
strapped low. 



Mode 

The Mode output indicates the Answer (low) or 
OnoinatP ifnah) status of the modem. This output changes 
stat-: when a Sell test command is appl ed. 
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Clear-To-Send (CTS) 

A low on the CIS ojtput indicates the Transmit Data 
input has been unclampsd from a steady Mark, thus allow- 
ing data transmission. 



Receive Data (Rx Data) 

The Receive Data output is the data resulting from 
demodulating the Receive Carrier. A Mark is a high level. 

Receive Break (Rx Brk) 

Upon receipt of a continuous 150 ms space, the 
modem automatically clamps the Receive Brea k output 
high. This output :s also clamped high until Clear-to-Send 
is established. 

Digital Carrier (FO) 

A test signal output is provided to decrease the 
chip test time. The signal is a square wave at the 
transmit frequency. 



Transmit Carrier (Tx Car) 

The Transmit Carrier is a digitally-synthesized sine wave 
(Figure 4) derived from the 1.0-MHz crystal reference. The 
frequency characteristics are as follows: 







Transmit i 


J 


Mode 


Data 


Frequency 


Tolerant* I 


Originate 


Mark 


1270 Hz 


-O.'C-hz | 


Originate 


Space 


1070 Hz 


o.o-: Hz | 


Answer 


Mark 


2225 Hz 


-0.3' M:: | 


Answer 


Space 


2025 Hz 


-0.71 hz ] 



•The reference frequency tolerance is not inclufl&d 

The proper output frequency is transmitted wiln.n 
3.0 us following a data bit change with t-o more t:v.<: 
2.0 /is phase discontinuity. The tvpicai output level is 
0.35 V (RMS) into a 100 k-onm load impedance. 

The second harmonic is typically 32 dB below tbs 
fundamental (Figure 5). 



POWER-ON RESET 

Power-on reset is provided on-chip to insure th 
power is first applied the Answer Phone output i 
low (inactive) state. This holds the modem <r\ the 
or idle mode until a SH or Rl signal has reen 
Once power has been applied, a momentary ios? c 
at a later time may not be of sufficient tiniito gu; 
chip reset through the power-on reset circuit. 

To insure initial power-on reset action, tne 
parasitic capacitance on Rl and SH should be : 
Capacitance values > 30 pF may require tie u 
external pullup resistor to Vqd on these inputs in 
to the pullup devices already provided on c'vp. 
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FIGURE 4 - TRANSMIT CARRIER SINE WAVE 



FIGURE 5 - TRANSMIT CARRIER 
FREQUENCY SPECTRUM 
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D COMPONENT DESCRI PTION 
D.6 INTEGRATED CIRCUITS 



uo 



60 cont'd 



TIMING DIAGRAMS 
FIGURE 6 - ANSWER MODE 



Call Received 

J 51 ms 



R ing Ind'cator 



R ing Indicator 



CBS 



CBT 



uifljinr 



Mcce (°' i9i 
*. Ansv 



Originate 
swer 



Tj Answer (Low) 



Data Terminal On (Low) 
Ready 

Answer Phone — — — __ 



-2225 H?,900 ms 



-2025 Hz or 2225 Hz 



Transmit Carrier 



Receive Carrier 



Threshold Detect 
Clear-to-Send 



Transmit f Mark 



■^WWWWVAAAAAA/WWXAAAAA^^ 

f- 450 ms. -1— -1270 Hz, 300ms- 



(High) 



WVWVWWi^A/ 



Off (High) 



i 1 1 — 1 r 



•450 ms- 



ransmit I 
Data I 



Space Clamped at Mark - 



Receive f Mark 
Data I. Space 



■ 1070 Hz or 1270 Hz - 



T — 1 — 1 — T 

On (Low) 



\y /'/■ Uncla m ped '/y'//A 



Clamped 
at Mark 



' - ' , V-V ■ ' . ' ,l . 1 . ' , 1) ' I. . i} ' f. > I Iff if} ■ !>■ 

- ,- 1 50 ms — k 1 50 V/y.'A'S/.-y/'--/.-/: ■Y//-'// r '/'Yy f -Y / /\ 

■ !■ Undamped . 



FIGURE 7 - AUTOMATIC DISCONNECT - LONG OR SHORT SPACE 



Fling I noicator 



High 



CBS 



Answer (Low) 



R'ng i ndicator — 
Mode — 

OaTi'Terminal ° n (Low) 

Ready 
Answer Phone ^— — — — — 



High 



CBT 



1 



-2025 Hz or 2225 Hz- 



Transmit Came, vAAAAAAAAAAAT'/iA^AAAAAAAr 

-1070 Hz or 1270 Hz-~^?*TlV?*™ T ^ -■ . 

L.c i. <r 00 or 1.5 s t LS ' 

Rece.ve Carrier \^\y^/\/\Z\/~ \y' 



1 . hreshold Detect 



Ciear-to Send 



<■ Space L*u. 



Receive / Mark {' ', .''■'..• 
Data - 3p?ce ) ~ ■ ■ • ' • '<' 



r 



Undamped — 



Clamped at Mark 
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FIGURE 8 - ORIGINATE MODE 



Switch Hook 



Data Terminal 



On (Low) 



Ready 



Originate (High) 



r Originate [.-.,< -v. < ■/ . 
Mode X Answer *■ ' •-•■ ■ ■ - 



Answer (High) 



Answer Phone 

Receive Carrier 
Threshold Detect 

Receive Data 



Transmit Carrier 



-Establish Call 



Clamped at Mark 



Clear-to Send 

Transmit Data 
Enable Space 



Clarmped at Mark 



On I Low) 



Disconnect 



SH Can E>9 Released 



I I, '•.',<•, v,/., r ," t '. '■'•',■/, < , -- -~ 
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202b Hz 
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—1 30 ms-4- 300 ms 
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750 ms 



\, I 

UncU'ifT-.Ded 



FIGURE 9 - INITIATE DISCONNECT 



Hi<jh 


Switch Hook 




— I 


34 ms Pulse Initiate 


s Spac* Disconnect 


Data Terminal 
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AAAAAAAA 
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TABLE 1 



ASYNCHRONOUS INPUT PULSE WIDTH AND OUTPUT DELAY VARIATIONS 
(Time delays specified do not include tne 1 -Pi" Hz reference toleranco.) 



Due to the asynchronous nature of the input signals with resoect to the circuit internal clock, a delay variation or input 
oulse wid'h requirement will exist. Time delay A is the maximum time- for whtch no response will occur. Time delay B is the mini- 
-rum time required to guarantee an input response. Input signal widths in the cross-hatched region (i.e., greater than A but less 
•nan E ) may or may not be recognized as valid. 

For output aelays, time A is the minimum delay before an output will respond. Time B is the maximum delay for an output 
-o respond. Output signal response may or may not occu- n the cross-hatched region (i.e., greater than A but less than B). 



INPUT PULSES 



OUTPUT DELAYS 



PI 

(from CBS) 



Y//////y> 



A = 32ms- 



B ■» 51 ms • 



SH 



vmm 



A = 16 ms 



— B = 34 ms- 



(Loss of 
Threshold) 



WW, 



-A = 32 ms - 



-B = 51 ms- 



1 — H 



' initiate Space 
Disconnect) 



A = 16 ms 



• B = 34 ms »-| 



PrK 



xww i 



A - 16 ms 



■ a - 34 ms ■> 



' LiiCj-ic' representation. 



DTR 

( Initiate 
Space Disconnect) 

Tx Car* 

6SD = Low 



Mk/Sp 
—A = 16 ms-—j 



\'//y///A Spac 



B = 34 ms ■ 



DTR 



-1 t" 



( Initiate Space 
Disconnect) 

An Ph 




DTR 
(Initiate 
Space 

Disconnect) 
Rx Brk 



www; 



A = 165 ms- 



• B = 185 ms 



Answer Mode 



TD 



TD due to Rx Car (1270 Hz! 




OTR 



An Pf 



yW/a 



[—A = 16 ms« 



ft. or SH - Low 



B = 34 ms - 



(continued) 
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TABLE 1 - OUTPUT DELAY VARIATIONS (continued) 



Tx Brk 



TxCar* I Mk, 

U-A = 1 






6 ms-»j 
B = 34 mi - 



Space 



Rx Oata 



Space 



An Ph 

ESS= Low 
ELS = High 



r ■' .' > ' . 



2. 



A = 282 ms 



-B ~301 ms • 



Space 



An Ph 



ESS= High 
ELS = Low 



-1 H 



■^H 



•-I 



-«— A = 1496 ms- 

B = 1520 ms- 



ftx Data 



Space 



v yy/y/A 

1(11 t ( 



Rx Brk 



•A - 132 ms 



-B = 15-1 ms- 



'Digital Representation 



Rx Data 



Space 



An Ph 



ESS = High 
ELS = High 



Ml 



-A = 16949 ms ■ 



-B = 17034 ms 



( Loss of 

Threshold) 



CTS or Rx Brk 



• A - 32 ms ■ 



I2ET 



•B = 51 ms 



Originate Mode 

to 1 



TDdue to Rx Car (2725 Hz; 



CTS or Rx Brk 



~wm 



— A - 731 ms— -\ 
B * 752 ms- 



Originate Mode 
TD 



H I- 



TDduoto Rx Car (.'22'; H.-i 



Tx Car 
(1270 Hz) 



-E3v v 



A = 432 ms 



-B = 451 ms ■ 



TABLE 2 - TRANSMIT SPEAK AND DISCONNECT DELAYS 



Function Description 


Min 




Max 


Unit 




232 


235 


ms 


Tx Brk (Space Duration) 


Space Q.sconrsct (Space Duration) 
(DTR = High, ESD and TD = Low) 


3C10 


3023 


ms 


Loss of Carrier Disconnect | 16965 
(Measured from positive edge of CTS 10 nega- | 
tive rdge of An Ph, with Ri, SK, and TD = Hir',:i)| 


17034 


ms 


Override Disconnect 15916 
(Measured from positive fdge of Ri or SH to I 
rwgative edge of An Ph, witn TO - High) ! 


17101 


ms 
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FIGURE 10 - FLOW DIAGRAM 




An Ph Goes High. 

Transmit 2225 Hz 

Remote Modem Responds 

With 1270 Hz 



An Ph Goes High 

Remote Modem Sends 

2225 Hz 



No 
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Yes 




No 



No 



Receive Data 
Undamped \. 
From Mark 




Receive Data 
Undamped 
From Mark 

SH Releasee 




CTS and Rx Brk Go Low 

Unclamp Tx Data from 

Mark 



Data 
Transmission 



Note 1 




Yes 



No 



Yes 




CTS And Rx Brk Go Low 

Unclamp Tx Data From 

Mark 



Clamp Tx Data 
to Space 



No 




Note 2 



-/Answer\ 
^v. Mode ^S 

fYes 


No 










' 


CTS And Rx Erk 
Go High-Clamp 
Tx Data to Mark 




CTS And Rx Brk 

Go High 

Tx Car Off 




■• 









6 



Note 1: Transmit Break. Initiate Space Disconnect. 

and Receive Space are mutually exclusive events. 



Note 2: Due to loss of Rx Car, the modem will clamp 
Tx Data to a Mark in the Answer Moce a;id will 
turn off Tx Car in the Originate Mc do. If Rx 
Car is detected before completion of Tx Brk or 
Initiate Space Disconnect, normal operation jf 
Tx Brk or Initiate Space Disconnect will con- 
tinue until completion of thair resp^.tiv.i time 
delays. 
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D 




Yes 




Note 2 




Clamp Tx Data 
to Space 



Yes 



Rx Brk Goes 
High 



Hang Up 
An Ph Goes Low 



Hang Up 
An Ph Goes Low 



Hang Up 
An Ph Goes Low 




No 




No 
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D COMPONENT DESCRIPTION 
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7^00 



SCHEMATIC f«-=n gate) 




RECOMMENDED OPERATING CONDITIONS 

| 



PIN CONFIGURATIONS 



W PACKAGE 

.n n n n n n n 





^ .: r?i 



LJGUUU1J 

it* % • ? 
A,F PACKAGE 






T U U JJ LJ U U U 



Supply Voltage V cc : SB400 Circuits 
M7400 Circuits 
Normalised Fan-Out from each Output, N 
Operating Free-Air Temperature Range, T A : 



ELECTRICAL CHARACTERISTICS love.- recommended operating free-air temperature range unless otherwise noted) 



PARAMETER 



v inl1) LogicaM input voltage 

requinj a both input 
terminal's to ensure 
logical lavel at output 

Vi n (0) Logical input voltage 

required at either input 
terminal to ensure 
logical 1 level at output 

v Citi1) Logical 1 output vcitase 

VouviO) Logical output voltage 

'in(O) Logical level input 

current (each input) 

'in(D Logical 1 level inDut 

current (each input) 

Iq3 Short circuit ot'tput 

currflnt** 



TEST CONDITIONS" 



V CC -M!N 



'CC 



■ MIN 



400uA 



'load 

V CC " M| N, 
'sink " 16mA 



•CC 



■MAX, 



V CC ' M *X, 
V CC * MAX - 

\f. - MAX 



V in = 0.8V. 




2.4 


V in - 2V, 


' 




V in - 0.4V 






V in " 2.4V 






V in " 55V 








S5400 


-20 




N7400 


-18 











— J 




M>N 


MOM 


MAX 


UNIT ! 




45 


5 


5.5 


V 




4.75 


5 


5.25 


V 


S5400 Circuits 
N7400 Circuits- 


-55 



"25 
25 


10 

125 

70 


°c 



MIN TYP* 



33 
0.22 



0.8 



-1.6 



40 
1 



-55 
-55 



UNIT 



mA 



*tA 
mA 
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7UOO cont'd 



CLECTRICA". Cr^RACTEHiSTICS (Cont'd' 



PAFAMSTE* 



"T" 



TEST CONDITIONS' 



CCIOI Logical level supply I V cc « MAX 



current 
'CC(D Log cal " le.el supply 



'CC 



V in '0 



current 



MIN TYP** MAX J UNiT 

4 




SWITCHING CHARACTERISTICS:. V cc - SV, T A 


- 2S°C, N - 10 










PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


*DCl(0* Propagation delay time 
to logical level 

*Dd(1) Propagation delay time 
to log.cdl 1 level 


C(_ - 15pF. R L -400n 

Cl=15pF. R L -400P. 

■ — 




7 
11 


15 
22 


i 
ns 

| ns 



* For conditions shown as MIN or MAX, use tha appropriate vaiue specified unda' riccmrnendBd opardtmg conditions for the applicable 
device type. 
** AH typical values art at V^,-. » 5V, T A - 25° C 
t "Jot mora than one output *no»iid fce shorted at a time. 



7^02 

SCHEMATIC (each 4at») 



RECOMMr.NDED OPERATING CONDITIONS 



FIN CONFIGURATIONS 




! Supply Voltage V cc : SS402 Circuits 
! N7402 Circuits 

Ncrn,ali;9d Fan-Out from r.ach Output, N 

;>erst:"o Free-Air Temperature Fange. T A : S5402 Circuits 



W PACKAGE 



n n n n n n n 



re 



L<£J 

1 




LLl U 111 U U ill Li- 



A,F PACKAGE 

pnnnnnn 



M » II 



Wf^ 



UlILUULIU 





MIN 


NOM 


MAX 


UNIT 




4.6 


5 


5.5 


V 




4.75 


5 


5.25 
10 


V 


Circuits 

2 Circui'S 


-55 



25 
25 


125 
70 


°C 

°c 1 
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7U02 cont'd 



ELECTRICAL CHARACTERISTICS (over recommended operating fiee-air temperature range unless otherwise noted) 



i — - - r 

PARAMETER 


TEST CONDITIONS* 


MIN 


TYP" 


MAX j 


UNIT ! 


■ V.nii) 


Lopical 1 input vcl'are 
required a: either input 
terminal to ensure 
logical level at output 


v cc ' M!N 


2 




1 
1 

! 


V 


1 VinlOi 

1 

! 


Logical input voltage 
required at both input 
terminals to ensure 
logical 1 level at output 


V CC -MIN 






0.8 


V ! 


I V out (i) 


Logical 1 output voltage 


V CC «MIN. Vi n -0BV 
I load " -400m A 


2.4 


3.3 




V 


! V out( o) 


Logical output voltage 


V cc - MIN, V;.,-2V. 
I sink - 16mA 




0.22 


0.4 


V 


'in'OI 


Logical level input 
current (each input) 


V Cc =MAX. V in -0.4V 






-1.6 


mA 


'in(l) 


Logical 1 level input 
current (each .nputl 


Vcc " MAX ' V '< n " 2AV 
V CC - MAX. V in -6SV 






40 
1 


uA 
mA 






S5402 


-20 




-55 


m\ 


'OS 


Short circuit output 


V C c " MAX N7402 


-18 




-55 




CurrentT 












'CC(O) 


Logical level supply 


V CC " MAX - V,n - 5V 




14 


27 


mA 


- 


current 




- 








'ccm 

i 


Logical 1 level supply 
current 


V CC -MAX. - V in -0 




8 


16 


mA 

i 


SWITCHING CHARACTERISTICS. \^ c - 5V. T A - 


25°C, N * 10 












PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


1 
MAX | UNIT 














f- 


tpdO 


Propagation delay time 
to logt:-.3i level 


■ Cl * iSpF, R L -400n 




8 


15 


i " 


tofl 1 


Prop.*,3tiori owlay time 
to logical *! levgl 


J Ci_~ 15pF, R L - 400ft 




12 


22 


! ps 

i 

1 




ns shown as MIN or MAX. use tr 


e eppropriate vjlue specifiod under recommended op 


•rating 


conditions for tht 


applicable 



device type. 
*• Alt typical vil-jit iff at V Cc - 5V. T A - 25° C 
t Net mora tha;' om output should ba shorted at a tima. 



T^oU 



SCHEMATIC leach inverted 



PIN CONFIGURATIONS 



L- 




OTE: Component mlues rhown ce nomtr.ul 



W PACKAGE 



n n n n n n n 

V. I T tiHO 1 ! 




U U U LJ U U U 



A.F PACKAGE 

nnnrinn n 



I'l II i'i II i' l I I 



U LJ LI U l.1 Li U 
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ihOh cont'd 

BE.COV! /" NDHD OPERATING CONDITIONS 



Lcpp'y Voltage V cc : SD4G4 Circuits 
N7<04 C"T-jit« 
i !orrr^ltzed Fan-Out frorr Output, N 







MIN 


NOM 


MAX 


UNIT 


1 


4.5 


5 


5.5 


V 


I 




4.75 


5 


5.25 
10 


V 


i«, T A ' 


r54C4 Circuit* 
M7404 Orculu 


-55 



25 
25 


, 125 
70 


°C 

•c 



ELECTRICAL CHARACTERISTICS (over recommended operating freo-air temperature range unless otherwise noted) 



PARAMETER 



^in(1) Lc*<tce! 1 input voltage 

required at input 
terrr irsl to entire logi- 
cal ieve! at output 

v in(0) Logical input voltage 

required at Lny input 
terminal to ensure 
logical 1 level at output 

v out(1) Logical 1 output 
voltage 

v out(0) Logical output 
voltage 



TEST CONDITIONS* 



•inlOl 
'in(1l 



! OS 



Lexical levei incut 
current (each input) 
Logical 1 level incur 
current 

Short circuit output 
currentt 



'CC(O) Lo 9 ic5 ' ° level suppIv 

current 
'CC(I) Logical 1 level ajpply 

current 



V CC =MIN 



Vfcc* MIN 



Vcc" MIN ' 
•load " -400uA 

V C0 - MIN, 
"sink" 16mA 
V CC - MAX, 

Vcc" MAX - 
V CC - MAX, 

>£ C -MAX 
V cc - MAX, 

V CC - MAX, 



MIN TYP" MAX 



Vi n -0BV, 
Vin"2V. 

V in -0.4V 

V in -2.4V 
V jn -5SV 

V in -5V 
V-„-0 



S94TM 
N7404 



2.4 3.3 
0.22 



-20 
-18 



0.8 



0.4 

-1.6 

40 

1 

-55 
-55 



UNIT 



18 



33 



12 



V 
V 

mA 

"A 
mA 

mA 

mA 

mA 



SWITCHING CHARACTERISTICS, V CC «5V. T A - 25°C, N - 10 



PARAMETER 



TEST CONDITIONS 



•pdO 
•pdl 



Propagation d^lay time 
to logical level 
Propagation de!<jy time 
to logical ! ievpl 



I C L « 15pF\ 
:, - 15pF, 



R, -400P 



R L - 40C« 



MIN TYP MAX ; UNIT 



8 
12 



~r 



15 

I 
22 ! 



• For conditions •horn a, VIM =>r MAX. use the appropri.te value specified under recommended operating conditions lor the applicable 
device typo. 
*• AH typical values arm at \qq r - 5V. T,«, « 25 C. 
t Not more than one outpu. snouid t* iho.*:ed at a time. 
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D COMPONENT' DESCRIPTION 
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71+05 

SCHEMATIC (each inverter) 



PiN CONFIGURATIONS 




W PACKAGE 



n n n r, n n 



•Kb I 



r°] 



£U 



y u u u u u 

A.F PACKAGE 

n_ n n ffi n n n 



LqJuqJCqJ 

lJ LJ U U Li Lj U 



RECOMMENDED OPERATING CONDITIONS 



Supply Voltage V^q: S5405 Circuits 




MIN 


NOM 


MAX 


UNIT 


45 


5 


56 


"v 


N740S Circuits 




4.75 


5 


5.25 


V 


Norrnfli^ed Fan-Out from Output, N 








10 




Operating Free-Air Temperature Range, T.: 


S5405 Circuits 


-65 


25 


125 


°c 




N7405 Circuits 





25 


70 


°c 



ELECTRICAL CHARACTERISTICS {over recommended operating free-air temperature range unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


MIN TYP" 


MAX 


UNIT 


V in<1) 


Logical 1 input voltage 


V CC =MIN 


2 




V 




required at input termi- 
nal to ensure logical 
(on) level at o-Jtput 










V in(0) 


Logical input voltage 
required at input termi- 
nal to ensure logical 
1 (off) levei at output 


V CC -M.N ^ . 




0.3 


V 


! out(1) 


Output reverse current 


V CC -M.N, V in -0.SV, 
v out(1)-S.5V 




250 


(lA 


V outlO) 


Logical output 
voltage (on level) 


V CC «MIM. v in* 2V ' 
•sink" 16 " 1 * 




0.4 


V 


'irfOI 


Logical level input 
current 


V CC - MAX. V in - 0.4V 




-1.6 


mA 


l in(1) 


Logical 1 level input 


V CC - MAX. V jn • 2.4V 




40 


J4A 




current 


v cc ->*\x. v in -s.sv 




1 


mA 


'CC(O) 


Logics! level supp'y 
curt en t 


Vcc° 5v - V in «5V, 
T A -25°C 


18 


33 


mA 

i 


t ( cctn 


Logical 1 level supply 


\fcc-5V. v . n . . 


6 


"2 


mA 


t 

1 


current 


T A -25'C 









SWITCHING CHARACTERS HCS, Vq. - 5V, T A 


- 25°C 












PARAMETER 




TEST CONDITIONS 


MIN 


TYP 


MAX 


! 

UNIT | 

| 


tpdO Propagation delay time 
to logtca! level 

todl Propagation delay ttme 
to loo.cat 1 level 


C L -15oF. 
C.. -1SpF, 


R|.-"-lWR 




8 

40 


15 
E5 


1 
ns 1 

1 

ns ; 



For conditions shewn as MIN or MAX, >jj* t.-j« appicpnwte value specified under recornmandttd operating conditions tor the < 

device type. 

All typical vtiiue* are at V cc ~ 5V, T A - 15*C 
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7U07, 7^7 



DESCRIPTION 

The F4/7407 and 54/7*17 Htx B^tfrr/Dnver feature; standard TTL 
in-joti wu'i ,ion-inverte: nigh voitajs, hian currsm spe- collector 
ou:r.uts tor interface i>:m M3S. .pmps or re!3ys. The 54/7407 
p-inirnum output is X volts an? The tW/7417 mir ; f.-.um output it IS 
volts. 

SCHEMATIC (eech buffer/driver) 



PiN CONFIGURATIONS 



r — ' • Ovec 



W PACKAGE 




! 1 



U U D U U U L! 

1 1 « * ♦ j 



A.F PACKAGE 

m « ti 11 m • 1 

nnnnnn.Q 



^Et3^1 



U U U L) LI Li U 
» > * 1 t » 



NOTc: Component V3li.es s^OA/n .MB ncn'lnal, 
RECOMMENDED OPERATING CONDITtONS 



3^407 S5a17 



Supply Voltage V^j. 
Output Volti^e, V QH : S5407, N7407 
S5417. N74',7 
Low-Leve 1 Output Current, [q. 
Opiating Free-Air Trr-p--ratue Range, T^ 



fvi'N 'J CM , (VAX 

"«.i i 5 |" S.5~ 

I X 

! ! 15 

! 30 

-55 25 J 125 • 



I 



N7407. N7417 



4.75 



25 



MAX 



5.25 
30 
15 
40 
70 



UNIf^ 



V 

mA 
°C 



fcLECTRICAl. CHARACTF.RISTICS !,, V 9r recommended ope ating frr-.-an- teT.p-raturn range unless ctherwise noted) 



PARAMFTER 



TEST CONDITIONS ' 



^Irt High-level input voltage 

V| j^ Low-level input voltage 

'OH High-levei output current 

v OL Low-level output voltage 



■IH 



'CCH 



'CCL 



High-level input current 

(each input) 

Low-level input cutrent 

(each input) 

Supply currant, high-level 

output 

Supply current, low-level 

output 



.1 



V cc = MiN, V, - 2V, V 0H - MAX 
V cc - MIN, V, - O.SV, l 0L - MAX 
V cc = MIN. V, = 0.8V, l 0L - 16mA 
V cc MAX, V, -2.4V 
V CC "MAX, V, -5.5V 

V CC = MAX, V, - 0.4V 
V CC -MAX. V 1 -5V 
V cc - MAX, V, -0 



MIN TYP** MAX 



29 



21 



0.8 
250 
0.7 
0.4 
40 
1 

-1.6 
41 
30 



UNIT 



V 

V 

MA 

V 

V 

HA 

mA 

mA 



SWITCHING CHARACTERISTICS, V cc - CV, T A - 25° C 



PARAMETER 



'PLH 
<PHL 



Propagation delay time, 
low-to-high-level output 
Propagation delay time, 
high-to-low-level output 




• For ccn.1i-.ions «hown as M'N or MAX, um *•■> apr'cpri.u valu« spc-i«:.3 •,r>J«r r«o.-rrr,*ndad opjrstinj ;ond,ricns for tha ^pdliablo 
aevice Typa. 
•• All tvp.-'.l values ana at V cc - 5V. T - -• 2J°C. 



D COMPONENT DESCRIPTION 
D.6 INTEGRATED CIRCUITS 

7^08 



SCHEMATIC (each gate) 



PIN CCNrif.URATIONS 




W PACKAGE 



n n n n n n n 



~J 




Li^ 



lqjq 



U LJ LI L U Li U 



• « ? 



A PACKAGE 



n n n n n n n 






U LI U U U Li U 



RECOMMENDED OPERATING CONDITIONS 



Supply Voltage V cc : E5408 Circuits 
N/408 Circuits 
Normalized! Fan-Out from Output, N 

Operating Free-Air Temperature Range, T A : S5408 Circuits 

N7408 Circuits 





MIN 


NCM 


MAX 


UNIT 




4.5 


5 


5.5 


V 




4.75 


5 


5.25 
10 


V 


its 


-55 


25 


125 


°C 


its 





25 


70 


•c 



F.LECTRICAL CHARACTERISTICS (over recommended onera'.n; Iree-air temperature range unless otherwise noted) 



PARAMETER 



V in(1) 

v inlO) 

v out(1) 
v out(0> 
'in(O) 
•ind) 

'OS 
'CC(I). 



CC(0! 



Logical 1 input voltage 
required at both input 
terminals to ensure 
logical 1 level at output 
Logical input voltage 
required at either input 
terminal to ensure logi- 
cal level at output 
Logical 1 output voltage 

Logical output 
voltage 

Lofl'~as level input 
current leach input) 
Logical 1 level input 
current (each inputl 

Shorr circu't output 
current 1 

Logical 1 level supply 

current 

Logical level supply 

currertt 



TEST CONDITIONS* 



V cc - MIN 



Jqc " MIN 



V cc - MIN, 
I load - 800uA 

V cc ■ MIN, 

•sink - '6mA 

V CC ' MAX 

v'cr * MAX, 
V'cc ■ MAX, 

V CC - MAX 
V n , " MAX, 



MIN TYP* 



MAX 



V in -2.0V. 




2.4 


V in ■= 0.8V, 






V in - 0.4V 






V in - 2.4V 


. 




V in " S.5V 








S5408 


-20 




\7408 


-18 



"CC 



•MAX, 



0.8 



3.3 




V 


0.22 


0.4 


V 




-1.6 


mA 




40 


*A 




1 


mA 




-55 


mA 




-55 




10 


15 


mA 



UNIT 



18 



26 



SWITCHING CHARACTERISTICS. V cc - £V, T A - 25" C. N - 10 



PARAMETER 



I "od0 
tpdl - 



Propagation delay time 
to hic/cal lev.-M 

Propagation delay time 
to logical 1 levei 




• For conditions sho-.v.i .34 MI^J or ,-,!AX. ise th* 



device type. 

*• All typical value* are at v r „ » 5V, T» » 26 a C 
t Not more than one output snoutd be snorted a: a time 



.jparop'icte vnua sp^cil'iec. umw -a^c-n-r-endad operating conditions tor *e »p.T >canlr 
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D COMPONENT DESCR I PTION 
D.b INTEGRATED CIRCUITS 



7)l09 

CE. -CS.PTION PIN CONFIGURATIONS 

Tr.c 54/7409 Quid 2-lnput AND Gate uvi'.n open collector outputs 
orcvides the capability of expand. ng AND I031C function*. 

SCHEMATIC (aechoat.) 



f f 1 o 




NOTF: Component values thown 11a nominal 





W PACKAGE 

M 11 1> M M ■ • 

n !~ n n n n n 






«| 1 1 j 1 1 

no, rrCh 

IL ML ' 
1 . I 1 1 1 -» 






ULdUUUU 

A,F PACKAGE 

** «i ■.» » » • • 

n n n n n n n 












'_. '... L! U LJ 111 u 

1 » » » » 1 r 





RECOMMENDED OPERATING CONDITIONS 



Si [.ply Voltaee V cc 

Normalized Fan-Out from each Output, N 

Gpsrutinq Free-Air Temperature Range, T* 



S5409 



I 



4.5 
-F5 



MOM J MAX r !',i;|y 



5E 

10 

125 



i 



N7409 



NOW 



5 
25 



MAX 



5.25 
10 
70 



ELECTRICAL CHARACTERISTICS Icv6t roccmrnended operjtirvj iras-jit temperature range unless otherwise noted) 



UNIT 



PARAMETER 


TtiSTCONDITJONS * 




MIN TYP** 


MAX 


UNIT 


V IH 


High-level inout ventage 




2 




V 


V IL 


Low-level inout voltage 






0.8 


V 


'oh 


High-level output cuiiant 


V cc -V!.N.V |h -2V,V 0H -6.5V 




250 


*A 


vol 


Low-level output voltage 


V cc - WIN. V |L - 0.8V. I 0L - 16mA 




0.4 


V 




High-lr-el input current 


V cc - WAX. V,- 2.4V 




40 


ma 


■w 


(each input) 


V CC -MAX, V, "G.5V 




1 


mA 


•IL 


Low-level input current 
(e3ch input) 


V CC" l,1AX ' V 1 * °- 4V 




-1.6 


mA 


'CCH 


Supply current, high-level 
output 


v cc - MAX, V 1 - 5V 


10 


15 


mA 1 

1 


l«.i 


Supp'y current, Sow-level 
output 


V CC -MAX, V, -0 


13 


26 


mA 



SWITCHING CHARACTERISTICS. V cc - 5V. T A - 


2S°C. N -10 










PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 

.J 


Propagation a3:av rime, 

' *-" low-to-hiyh-le.ei output 

Propagation delay time, 

hiyh-To-lcvv-leve! output 


C t -15pF 
R L - ',00 U 




21 

16 


32 
24 





For ronditiam shown a\ MtN o r MAX, use the appropriate vatue specified under recommended operating conditions for ihe applicable 

device typt. 

All ivpicb. value? Jt V C( - - bV, T" A - 25° C. 
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D UUMRUJNtiiTi.' DESCRIPTION 
D.6 INTEGRATED CIRCUITS 

TUlO 

SCHEMATIC (each gate) 



PIN CONFIGURATIONS 




W PACKAGE 




H — '\ i — \ 

' I ! i CI 



U U C U U Li U 



11** 



RECOMMENDED OPERATING CONDITIONS 



Supply Voltage Vqq: S5410 Circuits 




MIN 


NOM 


MAX 


UNIT 


4.5 


5 


5.5 


V 


N7410 Circuits 




4.75 


5 


5.25 


V 


Normalized Fan-Out from Output, N 








10 




Operating Free-Air Temperature Range, T A : 


S5410 Circuits 


-55 


25 


125 


°c 




N7-1IO Circuits 





25 


70 


°c 



ELECTRICAL CHARACTERIS TICS (over recommended nocrating free-air temperatur* range unless otherwise noted/ 





PARAMETER 


TEST CONDITIONS* 


MIN 


TYp" 


MAX 


1 

UNIT 


v in(1l 


Logical 1 input voltage 
required at all input ter- 
minals to ensure logical 
level at output 


V cc * MIN 


2 






" 


Vin(0i 


Logical input voltage 
required at any input 
terminal to ensure logi- 
cal 1 level at output 


V cc - MIN 






0.8 


." 


v out(l) 


Logical 1 output voltage 


V cc - MIN, V in = 0.8V. 
l|oad*-400(iA 


2.4 


3.3 




V 


v out(0) 


Logical output voltage 


v cc - MiN V in -2V, 

'sink = 16mA 




022 


0.4 


V 


1 ir ;0! 


Logical level input 
current (each input) 


V cc ■ MAX, V in - 0.4V 






-1.6 


mA 


! 'mm 


Logical 1 level input 
current (each input) 


V cc ■- MAX, V, r - 2.4V 
V CC - MAX. V, r - 5.5V 






40 
1 


MA 
mA 


'os 


Short circuit ou.put 
current *" 


V C c -5.5V S5410 

N7410 


-20 
-18 




-55 
-55 


mA 

. ■ 1 


'ccioi 


Logical level supply 
current 


V CC > MAX, V in - 5V 




9 


ie.s 


mA 


'CC(I) 


Logical 1 level supply 
current 


V CC = MAX. V in - 




3 


6 


n-.A ] 



SWITCHING CHARACTERISTICS, V cc - 5V, T A - 25 L C. N - 10 



PARAMETER 



i 



TEST CONDITIONS 



*o<J0 Preparation ae'gy time 

z> logical level 

t_j^ Propagation delay time 

to logical 1 Ijvel 



C L =■ 15oF, 
C L = 15pF. 



R(_ - 40GS? 
Ri =400i; 



MIN TYP 



7 
11 



MAX | UNT 

1 

i 
15 ns 

i 

22 ns 



• For conditions shown as MIN or MAX. use tr-o appropriate value specific urdar recommended operating conditions for tne applicooie 
device type. 
" All typical values are at Vq£= 5*-'. ~ A = 25°C. 
1 Not more than one output -.no ild oa srurtea at a lima. 
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D COMPONENT DESCRIPTION 
D.6 INTEGRATED CIRCUITS 



■Jhli 

SCHEMATIC DIAGRAM 
I 



P;N CONFIGURATIONS 



+- 



K 






*OTE: Ccnpcncnt values stown ure ncmiml. 



VV PACKAGE . 




,n n o n n n n , 




u u u u u u u 



RECOMMENDED OPERATING CCfJOITICNS 



! 


— - 


' "■ ' ■ 

MIN 


NOM 


MAX 


UNIT 


j Suppfv Voltagp V cc : S5411 Circuit 


4.S 


5 


5.5 


V 


1 fv741 1 Circuits 




4.75 


5 


5.25 


V 


1 formal. zcz Fi-r, Out from Output, N 








1C 




j Operating Frew-Air Temperature Ranys, T * r 


S5411 Circuits 


-55 


25 


125 


°C 


I 


N7411 Circuit! 







25 


70 


'c 



El. ECTHICAI. CHARACTERISTICS over recorr.mended operainq 


rf.-v-air usmperatura rang a unlaws otherwise noted) 






PARAMETER 


TEST CONDITIONS* 


MIN . TYP** 


MAX 


UNIT 


v in(l) 


Logical 1 input vcltfige 
require 1 . 3t a 1 ' irr,".ut 
termina's to ci-cure 
logical 1 Isvol at output 


V CC ° MiN 




2 




V 


v inl0) 


Locical iPj.ut voltage 
requir-ci ct so/ ir.out 
terming U' '.-ns^-re logi- 
cal le.e. at ouiuut 


VCC * Mlni 






08 


V 


v outi 1 1 


Logical 1 ci'ipul voltage 


V cc - MIN 
'load-- EW * 


V in = 2.0V. 


2.4 3.3 




V 


Vout(O) 


Lc-Q'C.?l C oi 'put voltage 


V cc - MiN 
'sink " 'f">A 


V in - 0.8V, 


0.22 


0.4 


V 

1 


linlO) 


LC-QC.ll !cuL- if ^Lt 

cu'::-r.t soL""l tnputl 


V cc - MAX 


V in - 0.4V 




-1.6 


mA 


! int1) 


Logical i if;.;' n;*ut 


V cc = MAX 


V in ' 2.4V 




40 


uA 


, 


current lea;ri ii'ijutl 


V CC * MAX 


V ir =■ 5.5V 




1 


mA 


'OS 


Short circuit output 


V CC *M\X 


S5411 


-20 


-55 


mA 




current* 




N7411 


-18 


-05 




'CCIM 


Logical 1 level supply 
current 


v C c " MAX - 


Vin'" 


7.5 


12 


mA 


'CCIOI 


Logical le^el supply 
current 


V CC - MAX, 


Vi„-0 


13.5 


20 


mA 



SWITCHING CHARAC1 EH'STIC:;. V cc - f V. T A - 25 C N « 10 
j PARAMETER I 



if.',T OCNOT'ONS 



n 



pdO 



Propagation c-c-l.iy ti.ne 



to logcal level 
! l pdl Propagation delay time 

I to 'Oyicai 1 itvel 



C L -15r.-F. 



Ci - l£pr. 



Rl'^OCP. 
R L - 400S1 



MIN TVP MAX UNIT 



12 19 

17.5 27 



For conditions shown as MIN or MAX. uso the appropriate value specified under womminjfri operating conditions for the cpplicable 
device type. 
" *MI typicat values are at V Cc . = 5V, T A * 25° C 
t Not more than one outpn should be shorted at * 'ima. 
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D.6 INTEGRATED CIRCUITS 
7^20 

SCHEMATIC (McS^at.) 



PINCOMP1GURATIONS 




j NOTE: Component values shown ere nominal. 



W PACKAGE 



n n n n n n n 




u u U U U u LI 



A,F PACKAGE 




LI U U □ □ Li u 



RECOMMENDED OPERATING CONDITIONS 



Sopplv Voltage V cc : S5420 Cir:u : w 




j 


NOW 


MAX 


! UNIT ! 


| 4.6 


5 


5.5 


i V 


N7420 Circo.;s 




! 4.75 


5 


5.25 


" V 


Normalized Fan-Out from Output, N 




j 




10 




Operating Free-Air Tempera iu r e Range, T^: 


S5420 Circuits 


-55 


25 


125 


1 'c 




N7420 Circuits 


1 

1 


25 


70 


1 "c 



ELECT RICAL CHARACTERISTICS (over recommended operating free-air temperature ranrte unless otherwise noted) 



PARAMETER 



TEST CONDITIONS* 



MIN TYP 



v in(1) 


Logical 1 input voltage 
required at al! input 
terminals ;o ensure iogi 
ca! level at ou*put 


v in(0) 


Logical inpu T voltage 
required ?t any input 
terminal to ensure logi- 
cal 1 level at output 


v ont<1) 


Logical 1 output 
voltage 


VoutlO) 


Lotjicpl output 
vol *.age 


'■-(Ol 


Logical C level input 

cur.-ert (each input) 


li-m 


'.Offal 1 love! mpu* 
cjrrent iescr. :hl ut) 


'OS 


ShtJft ci f :ji: o-j^put 
currar.t 1 " 



''JC(O) Logical level supply 

current 
'C"(U Logical 1 level supply 

curn*n: 



Vc c ■= MtN 



V CC - MIN 



V cc ' MIN, 
l| oad --400jiA 
V cc - MIN 
'sink " "6mA 

V CC " MAX ' 

V cc - MAX, 
V cc - MAX. 

V CC * MAX - 

V cc - MAX, 



V in-0.8V. 




2.4 


V in -2V. 






V in = 0.4V 






V in - 2-4V 






Vin - 5.5V 








S5420 


-20 




N7420 


-18 



V H > 5V 



3.3 
0.22 



0.8 



0.4 
-1.6 

40 
1 

-65 

-55 

11 



"CC 



■MAX, 



V 
V 

mA 
f-A 
mA 
mA 



SNSTCH'NG CHARACTERISTICS, V a - 


5V 


T A -25°C. N» 10 














PARAMETER 




i 


TEST COND'TIONS 


MIN 


TYP 


MAX 


U'JIT I 


l pd0 
V)1 


Propaga^on .jetsy i;mt» 
to legica 1 !jv?' 
Propagation delay time 
to logical * level 




1 C L - 15oF, 

i 

1 C L • 15pF, 


R L -400f: 

R u - 400fl 




8 
12 


15 
22 


ns 1 

! 

r« i 



* For conditions ihowr as MIN or MAX, us* the appropriate viuia «p«c>f:«a jridfc r&cOT.r 
device tvpo, 
• " AH typical vaiuat are at V c ~ " 5 V, T A - 25'C. 
t Not mora than ore output ihouid be s.icrted at a time. 



landad operating condition* for the aopiieapia 



D-151 



D COMPONENT DESCRIPTION 
D.6 INTEGRATED CIRCUITS 



7^27 



1.. 


* 




El i-% . ? 

, , i, , 


1 










L 






F=L-^-| 




' 


3 


!' 



Supply Curiunts 





l co , ImAI 


Ice 1 I 


11 A I 


orv:ce 


Total VUth Outputs Hnih 


Tot.tl With O 


itputs Low 




TYP MAX 


TYP 


max 


U2 


8 1«5 


14 


27 


2b 


8 16 


10 


19 


2> 


10 16 


16 


26 


: cv 


0.3 1 6 


1 4 


26 


,,,2 


1.6 32 


2.8 


b.4 


t f.27 


20 4 


3.4 


6.8 


•r,i 


1/ 29 


26 


4b 


,« 


1 7 20 


26 


4 b 



5427/7427(J),W W!; S4LS27'?.'.t.S.i7(JI.;Ni !W) 

Switching Ch<ir;ic!utistics at V cc - bV, r A - 2b"C 



DEVICE 
02 




CONDITIONS 


Prop 

Low- 1 


•l'LH ('IS 
jrution O'.'l. 

H»;h Lev 


V Time, 
'1 Ou'pul 


«phi (r-s 

Pfopa-i< J, *ion Del; 

Hiijh-To Low Lev 


V Time, 
.'I Output 


MIN 


TYP 


MAX 


MIN TYP 


MAX" 


c,. 


- 15 pF, R L -400U 




12 


2: 


8 


15 . 


25 




13 


22 


8 


15 


2/ 
LO? 




7 


11 


10 


15 


- 50 pF. R L =4kS2 




31 


60 


35 


60 


LS02, LS27 
S02 


C; 


15 pF. R L -2FU 




10 


IE 


10 


15 


.£■■_ 


- 15 pF, R, " 2B0U 




3.5 


5.5 


35 


5.5 


60 pF. R L - 28012 




5 


7.5 


5 


7.5 


S260 


C L 


15 pF, R L - 280<> 




4 


5 5 


4 


6 



..plct! CttordCtjriv.JC, ov j f recotruTiPitclfd ti.pt'i,ip" t n fr'T-.tir temp .-f.iujrr r.;ir;!' (unl. ■.*. oiPi'i ..'.ist 1 np?e<1) 

LMf.-t.'7. 



PAHAMCTER 



D." i.p-.i'I if pur V'oMittc 



'P ■' Cjt;. V'nlt.i'ii- 



Hi.i'i li.'vc! C.iput Cuirynl 



V,,-, 



u<:!'. L.i-v. 1 ! Ouiput V'lil.KjF 



l.irv 1. ml Output Ciinrnt 



d Cm; ut ViMt.nv 



I.ip'it Cinront at M<txi:num 
Input Voltnqe 



lllqn l.i-vel 
Ippui Cuire 



j I 1 1? I 
11 C .::• 



C1-l.1l >iv..f 

"All l"pM5 

Ali hv ::■ 
7~, 17.ii.. 1, 

..1.0: .■ i : ."3 I 

am, .77,7 "1 



CONDITIONS 



I r>v, 



I DV'< 



I, Itjii.A 



V cc ■ M,„ 

V IL -> M.iv 
l „ - Mix 



25, 2,.' 
Oil" 'i 



I.S27 
Cm'i,.., 



"T 



r.'.'.b.i 



V,,r : M':l 
Vim ■- 2V 



V cr - M.iv 



V rc ■• M.t) 



Ips 



j 1 pi it 



I t'M-.nt 

j '..:i.,-;y C-.ili.iiii 



1 nK'ii 
1 f cl< 

l llL - I 1 A I DM74 



_ V '_"_Y_ 
V. /'.' 



v n "j 



. ITi, 27 



~[ DM54 1/74 L 

L0? 



MiN "vv.'i.ii ,'i'Av 1 r.'uj tyim; max 



8 
0.8 



f-'i'.J 

'Kit! 



2 4 



? 



0.7 

N.'A 



7_ 

lb 



1 



10 



V cc -M„x(2l 



DM54 I 70 



_zzrr 



. 



iJV'fulL .'..'MIS 



LS0", lm>7 I 



UM74S 
S02. S2OT 



MIN T Y P 1 1 ! MAX 1 MIN TYPHI MAX 



_0.7_ 
0.8 



2.4 

J>._5 3.4_ 

?1 3,4 



4 
0.4 



30 
_ N'A 



30 



8 



2/ 3 4 



UNITS 



^A 



MA | 



<- i,i \' a: iiV. T A - 2 r , <: 

. («.i,-.n s". J n» shmt-rt .'.i ',111-. ;,.!'(■-. !1.vt r ,«:..i. DV /'<L~ ,nd DVi 74? . ilu 

t.'-.io. 1, ,T- V ,t -iii tly re-.i-rv— 'lv 'ij I !o t ;. i Vi'jl'LW MLl'Oit . '"'. , '' .1' ■■ ■ ■ - 1 



■11 ct ^t.uri ciriuif should not excet'ti one srrend 
'..j.c h r-ii.i.n.L'rn !q3 - 13.0 mA. 



D-.157 5 



D COMPONENT DESCRIPTION 
D.6 INTEGRATED CIRCUITS 

7^30 

SCHEMATIC DIAGRAM 



PIN CONFIGURATIONS 




JC~'J: Component valufs shown are nominal. 



W PACKAGE 



u u w 



n n n n n n t^ 



r^x 



u u u l; lj u u 



A,F PACKAGE 

n ri n n n n n 




LI Li U D U u U 



RECOMMENCED OPERATING CONDITIONS 



1 




WIN 


NOM 


MAX 


UNIT 


j Supply Vol tsqe V cc : S5430 Circuits 


4.5 


5 


5.5 


V 


i N7430 Circuits' 




4.75 


5 


5.25 


V 


Nor -rvilized Fan-Out from Ou'uji. N 








10 




1 Operating Frf c-Air Temperatuie Range, T/. : 


S5430 Circuits 


-55 


25 


125 


°C 




N7430 Circuits 





25 


70 


°C 



ELECT flfCAL CHARACTERISTICS {over recommended operating f>e*-»ir temptrature range unlets otherwise noted) 



TARAWETCR 



TEST CONDITIONS* 



MIN TYP** MAX 



Vj p(] | Logical 1 input voltage 

required at all input 
terminals to ensure 
logical level at output 

Vj^jQ) Logical input voltage 

required it any input 
terminal to ensure 
iogical 1 level at output 

V. mi Logical 1 output voltage 



v'outIO) Logical outpur vo!-.age 

in(0l 
n(1) 
OS 



lir,ini LogicJ C lo jpI input 

cui r'nt (es'Ch .rputl 

l;„/n Loc;t,a! t \«\fij\ ir.pjt 

current (e.ich input! 

'OS S lort circuit Output 

current T 

'CCIO) Logical ievei supply 

current 

'CCIU Logical 1 level supply 

current . 



•CC 



■ MIN 



| MIN 



V cc * Mini. 

'load * -^ A 
V cc « MIN, 

W-iemA 
V cc - MAX. 

V cc - MAX, 
V cc = MAX, 

V CC * MAX - 



V in - 0.8V. 

V in -2V. 

V ; „-0.4V 



Vin - 2.4V 




V jn - 5.5V 






S5430 




N7430 



2.4 



3.3 
0.22 



'CC 



•'CC' 



•MAX. 



■5V 



-20 
-18 



0.8 



0.4 

-1.6 

40 

1 

-55 

-55 

6 



riA 

mA 

mA 



mA 



SWITCHING CHARACTERISTICS. V- c - SV. T A - ij'C. N - 10 



PARAMETER 



l pdO 



l pd1 



Propagation delay time 
to logical 'evel 
Propagation delay time 
to logical 1 level 



TEST CONDITIONS 



|v-L- 



'1SpF 



!5oF 



Ft L - 400n 



TYP MAX UNIT 



8 
13 



15 
22 



• For conditions shown as MIN o' MAX, usa the appropi iste value specified under 
device tvpe- 
•• All typical values are at V cc ^ 5v. T A « 25 a C. 
t Not more than one output shou'd Pa snorted at a time. 



Mmmsnded operating conditions for the applicable 
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D C OMPONENT DESCRIPTION 
D."g~ INTEGRAT£.D CIRCUITS 

7 Mi 2 

DESCRIPTION 

The 54*7442 BCD-to-Decimal Decoder it a TTL MSI amy uu'in-d 
tn c'ecocirni 3nd lo^ic conversion applications. The 54/7442 decooes 
a iouf t»'t BCD rwrnaur to onf of ten outputs. 

LOGIC DIAGRAM 



PIN CONFIGURATIONS 






! -U- 



6 g 6 o od oOy 

A i 6- A c 6 6 o A 



8,F,W PACKAGE 



nnnnnnnn 



•« ■ 1 i 1 1 1 I 1 1 , 1 — i L-i 


«. ■ c 


r?r 




jHLHJ 


1 L - — 1 

^— 1 - 


UUL 

1 J > 


i — 


LIUULI 



TRUTH TABLE 



S5442/N7442 

BCD 

INPUT 



ALL TYPES 
DECIMAL 
OUTPUT 



° 


c 


B 


• A 























1 








1 











1 


1 





1 











1 





1 





1 


• 1 








1 


1 


1 





















1 







1 










1 . 


1 




1 








« 


1 





1 




1 


1 







1 

.... _. 


1 


1 



f LECTRICAL CHARACTERISTICS lover recommended operating free-ar :ein = r-r jture range unless otherwise noted) 



PARAMETER 



TEST CO'JCITfONS* 



'.nil) 



'in(O) 



Input voitiKj? required to 

ensure toqicai 1 at 3ny incut 

tefmiitil 

Input vo'tege required to 

ensure logical at any input 

terminal 



V out ||) Logical 1 output voltage 
v out 10) Logical output vol tage 



'CC 



=■ MIN 



'CC 



'MIN 



| 'in(i) 
'in(O) 
'OS 
'CC 



Logical 1 level input 
current leech input) 
Logical level input 
currant (each input) 

Short-circuit output current* 
Supply current 



V CC - MIN, V in ,„-2V.V in , o; - 0.8V. 
I l lo ., d - -400mA 
V CC - MIN, V jn(1 ,-2V.V ir ,, . -0.8V. 

'sink " 16mA 
V CC »MAX, V v , - 2 4V 

V cc .MAX.V in -51V 
Vcc-MS.X.V^-O.W 



IV, 



, > MAX, 



| "CC ' 

! 

! V^^ - MAX, 



S5442 

N7442 
£5442 
N?412 
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D ' COMPONENT DESCRIPTION 
D.6 INTEGRATED CIRCUITS 



7^2 cont'd 



Hf COMMENDED OPERATING CONDITIONS 










; 


MIN 


MOM 


MAX 


UNIT 


! 'jupp'y Voltage Vqq: SS^'4? Circui-s 


4.fc 


5 


5.5 


V 


! N7442 CrcuiVi 


4.75 


5 


5.25 


V 


! Ivorniaurrej Fan-Out from EcCh Cutout, N 






10 




1 











SWITCHING CHARACTERISTICS, V cc ' 5V, T A - 25 3 C, N - 10 






1 

PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


I 

UNIT i 


•pdO 


Propagation delay time to 
logical level through 
tVLj logic levels 


C L - 15pF. 


n L - 40on 


10 


22 


30 


1 
i 
ns 


^dO 


Propagation delay time to 
logical level through 
three logic levels 


C L - 15pF. 


R u -400O 




23 


35 


ns 


«pdi 


Propagation delay time to 
logical 1 level through 
two logic levels 


C L " 15pF, 


r l * 40cn 


10 


17 


25 


ns 1 

1 


f pd. 


Propagation delay time to 
logical 1 leva! through 
three logic levels 


C L -15pF. 


R L >400O 




26 


35 


ns 

- 



* For conditions shown as M'N or MAX, um the appropriate «/ulua »p*cified under recommended operating condition* for trie applies:; 
devica typa. 
••AH typical values are at V cc - 5V, T A - 2S*C. 
t Not mora than on* output ihoula be shorted at a time. 



7*451 



SCHEMAT.C (each gate) 



PIN CONFIGURATIONS 




NOTEi 

V CaH~p.:nen: values shown or.- norr.pnai. 

2. Bj'i' expander inputs are.usta simuli.-iaousl v tor «>.pa luog 

3. I eno?r Ucr is not us*:, lecr-e X Jtk 1 X Pin 1 , uper. 

RECON'MENDEO OPERATING CONOITIOIVS 



W PACKAGE 

r innnnn 



to t ■ 




i 



U U U U U LI U 



A.F PACKAGE 

piinjLD_n-P-4i 



g -jJPr-J 

.,1,. , ., . !,- . -■*..— ■ -.- 



IXTTTjLJ u u u 



4. iVa^e r.o BAternnl connection to X and X pins of the S5451 and 

N7451. 
£. A total of four expander gales can be connected to the ex- 

kjandar inputs. 



MIN 



NOM 



Supply Voltage V cc Sc4f0, 25451 Circuits 
N/450, N7451 Circui:s 
rvormah/ed Fin Out irjm Outpi't. N 

Optiating Free-Air Ti-mpctatun? Range, T A : £>5«50, S54&1 Ch;u:ts 

N7450, M74L1 Circuit! 



4.5 
4.75 



-55 




25 
25 



MAX 



b.'j 

5.25 

10 

125 

70 



UNIT 



-JJ 



L COMPONENT DESCRIPTION 
D.6 INTEGRATED CIRCUITS 



7U51 cont'd 

ti.EC" fl!CAL :;HARACT^K S""ICS inve' recommended operating free air VmptrFUiro rang? unless otherwise noted) 



F,*RAivFTEfi 



V in (i; Looiccm 1 inpL-t vo!t?ge 

r equircd at L>e:h input 
te**nin&ib of ci^er AMD 
bec'T-on 10 ensure logical 

fit Output 

V, n (o) Logical input volt^e 

required at c-.s input 
terminal of each AND 
secticn to ensure logical 
1 at output 

v out(1) Logical 1 output voltage 
V out {o) Logical output voUage 



l jn /Qj Logical level input 

current {each input) 
i- ( «\ Logical 1 level input 

current (each input) 

Short circuit output 

Current* 

Logical level supply 

current 
'CC(I) Logical 1 level supply 

current 



'OS 



CC(O) 



I v cc 



MIN 



V CC -MIN, 

j l load --400uA 

I Uink" 16mA 



V CC -MAX. V in -0.4V 



jITICNS" 


M!\ 


TYP*" 


: 

MAX ■ 


UNIT 


*' 


2 




i 
i 

0.6 


V 

i 
I 
i 

v ! 

1 

i 


V in =0.8V. 


2.4 


3.3 




v ! 


V in -2V. 




0.22 


o.< 


v ! 



'CC 

'cc ; 



'CC 



'CC 



'CC 



•MAX 



V—2.4V 






V,„-5.5V 








S5450, S5451 


-20 




N7450, N7451 


-18 



'5V 



7.4 



ELECTRICAL CHARACTERISTICS I S5450 circuits I using expand™- inputs. Vcc " 4EV . T A * • s5 " c 



-1.6 



mA 



40 


uA 


» 


mA 


-55 


mA 


-55 




14 


mA 


8 


mA 



PARAMETER 



TEST CONDITIONS 



IX Expander current 

VbE(C! Base-erni'.ter voltage of 
cutout transistor (Q) 

Voutdi Logical 1 ouput 

voltage 
Vout(O) Logical cu'.put voltage 



Vt « 0.4V, 

'sink " '6mA, 
R, '0 

I I|oad = -400^A, 
! I2 =■ -0.15mA 

I 'sink' '6mA, 
R, - 138r> 



'sink- 16mA 
Is- 0.41mA, 

l, - 0.15mA, 

h - 0.3mA, 



MIN TYp" MAX j UNIT 



2.9 
1 



2.4 3.3 

0.22 0.4 



mA 
V 



V 
V 



ELECTRICAL CHARACTERISTICS (N7450 circuits) using expander inputs, V cc - 4 75V, T ft - 0°C 



PARAMETER 



'X 



Expander current 



v EjEiQ) Base-emitter voltage of 
output t-ansistor \G) 

V out (i) Logical I output voltage 
Voutlui Logical output voltage 



TEST CONOITIOMS 



Vs = 0.4 V, 

; sink " 16mA, 
R. »0 

lload'" 400 ^' 
l 2 - -270(iA 

'sink - 1 6mA, 
R) =■ 130tl 



SWITCHING CHARACTERISTICS. V tt - 5V, T A ■ 25'C, M • 10 



PARAMETER 



T pd0 Propagation dalay time 

to log-ca; level 

*pd1 Propacat on dalay time 

to ,ogic,?l > level 



TEST CONDITIONS* 



C L " 15pF, 
C L = 15pF, 



R L = 4C0« 

R L = 400fi 



MlN TYP** MAX 1 UNIT 



"sink = *6mA 
l< - C.S2rnA, 






3.1 

1 


m 
V 


I, -?70uA. 


2.4 


3.3 




V 


Ii - 0.43mA, 




0.22 


0.4 


V 



8 
13 



MIN TYP MAX \ UNIT 



15 



'22 



• For conditions shewn is MIN or MAX. use tha aporopriata value specified under recommended operating conditions for the applicable 
device type. Eaptrtri.jr is ruts X ?nd X are oaav ^ 

•■ All Typical valum. J. ■> at V cc = SV, T A - 25 J C. 
t Nat more than one uuiput should ba shorted at a time. 
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D COMPONENT DESCRIPTION 
D.6 INTEGRATED CIRCUITS 



Ihlk 



DESCRIPTION 

The S5^74/N74V4 is a monolithic, dual, D-type, edye-tricKjered 
flip -flop iciHijrJ.tg direct cJear an- preset inpjts and complementary 
Qenc Q outputs. Input information is transferred to the Q output 
on the positive edge of the clock pulse. 

Clock triggering occurs at a voltage level of the clock pulse and is 
not directly related to the transition time of the positive go*ng 
pulse. After *ru dock input threshold voltage has been passed, tre 
data inpjt !D) ?;. iocKed out. 

TRUTH TABLE 



PIN CONFIGURATIONS 











D n Qn+1 Q n+1 




1 1 




1 




Preset Clear Q 


1 1 O 




1 






1 1 






t 






T Both outputs in 1 state 






n is time prior to clock 






n+1 is time following c'ock 











W PACKAGE 



U 11 1} St XI • | 

n n n n n n n 



rTUPi 



"U U U U U U U 

I l 1 4 « ■ > 

A,F PACKAGE 

n n n n n n n 



Ln= 



r 



-£Z 



m 



Jrr 



3= 



U u D U □ U LJ 



POSITIVE LOGIC - Lo/« mput to preset sets O to loeical 1 
Low inout to clear sets C to logical' 0; Preset and ciea.- are 
independent of clock 



SCHi-IMATIC DIAGRAM 




-^MiibTTU-l 



V -K 



'J 



1 



x -< H< 



.\CTE: \J* oi wux shr-v.-fi. Cft"ipjnbi« tai'jas are typical. 
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D COMPONENT DESCRIPTION 
D.6 INTEGRATED CIRCUITS 



TUT 1 ! cont'd 



RECOMMENCE.*) OPERATING CO\Oi riONS 



Supply Voltage ' y cc : S5474 Ci'Cj.ts. 
N7-J71 O-o. :s 
Opera'ing Free-.^.r Temperature nd.ije, T^: .55474 Circuits 

I 
Normalised Ffcn-Out from eacn 0:tr,ut, N 
Width cf C ; ock F j:se, t p( .| 3fk i 
•Width of Preset Puis?. t pl p, c ' jS ii 
Widtn of Clear Pulse. t„, ., ' '' 





MIN 


NOM 


MAX 


UNIT 




4.5 


5 


5.5 


V 




4.75 


5 


5.25 


V 


Circuits 


-55 


25 


125 


°C 


1 Circuits 




30 
30 
30 


25 


70 
10 


°c 

ns 
ns 
ns 



ELECTRICAL CHARACTERISTICS lover racamn..' idcd operating fiee-air temperature ramp unless otherwise noted! 



PARAMETER 



Vin(l) Input voltage required 

t ■ ensure logical I at any 
input terminal 

Vin(O) Input voltage rpq ired 

to ensure log.i.il at 
any input terminal 

v out(1) Logical 1 output voltage 

v out(0) Logical output voltage 

'tn(O) Logical level input 

current at preset cr O 

'in(O) Logical level input 

current at cle3r or clock 

lj rJ |1) Logical 1 level input 

current at D 

l; n '1| Logical 1 level input 

current at pre.-et r clock 

lj n (i) Logical 1 l;-vel input 

current at clear 
Iqo Short circuit output 

current 1 
*CC Supply cune'-.t 



TEST CONDITIONS 



»CC" 



7 CC 

''cc 



'cc - 



. MIN 



■ MIN, 

■ MIN, 



'CC 



- MAX, 



;v cc -max. 

I V cc = M.2 X, 
! V- r = MAX. 



':c 
'cc 



= MAX, 
MAX. 



! -cc" 

; v : - c = MAX, 

i V£ c = MAX. 



i V r r- = MAX, 



'load 


= -400;iA 


Uink 


» I6.TA 


Vin' 


0.4V 


Vin- 


0.4 V 


Vin ' 


2.4V 
5.5 V 


'/,n = 
V,n" 


*>. -IV 
5.5 V 


" -n " 


2 4V 

5 5V 




V,-, =5V 



S5474 
N7474 



MIN TYP VlAX 



2.4 



-20 
-18 



3.5 
022 



17 



0.8 



0.4 
-1.6 

-3.2 



UNIT 
V 



V 
V 

rr.A 

mA 



40 


JiA 


1 


mA 


80 


MA 


1 


mA 


120 


«A 


1 


mA 


-57 


mA 


-57 




30 


mA 



SWITCHING CHARACTERISTICS V cc - 5V. T A - 25° C, N • 10 





PARAMETER 




TEST CONDITIONS 


M!N 


TYP 


MAX 


I 
UNIT I 


f clock 


Maximum clock 
frequency 


C L = 15pF, 


P L -' 400fl 


15 


25 




MHz 


l setup 


Minimum input setup 
time 


C L * l5pF, 


R L =40011 




15 


20 


ns 


r ho!d 


Minimum input hoki 
time 


C L = ISpF, 


R L »40Cn 




2 


5 


ns 

| 


x pd1 


Propagation dt-rlyy time 
to iogical 1 level from 
cfear or preset to outpui 


C L = 15pF, 


R L = 40on 






25 


ns ■ 

I 


tpdO 


Propagation delay tune 
to logical le/e! from 
clear or prewt to output 


C L = 15pF, 


R L = 400fl 






40 


ns 


l pd1 


Propagation delay time 
to lOQicai 1 level f.orn 
clock to output 


C L = !5pF, 


R L -400fi 


10 


14 


25 


ns : 


tpdO 


ProoagsTioii diljy time 
to log. cat level from 
ciock te output 


C L = !5pF, 


R L - 400JJ 


10 


20 


40 


ns 



" For conditions shown a: M!N or VAX, Use the appropriate value spucif.ed under rtcommendo*? operating conditions 
device tyoe. 
' * Ai! tvp'Cal values ar-* a: V, c - SV, T ^ = 2i C. 
T Not more t*>a-i ono output should be inorteij at a lima. 



for the applicable 
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D COMPONENT DESCRIPTION 
D.6 INTEGRATED CIRCUITS 



im 



OESSB'PTIOS 

The 54/7433 is a 4-3it Binary full Adcer for adding two four bit 
binary numocrs. A Carry Look Anend circuit is included to provide 
minimum car:-y propagation delays. 

Propagation delays of carry-in to carj\ -out is typically 12nsec. 
TRUTH TABLE 



PIN CONFIGURATIONS 



















INPUT 


CJTMIT 










WHEN /I WHEN 


/ 










Cr> '■' 0^ Cn * 1 y 


l£N 

1 




/»3 


b 1/ 

/°3 


/*4 




A3/--4/C 4l A3/^4 

























1 










1 











1 


' 








1 












1 








1 











1 









1 . 


1 











1 





1 


1 















1 








1 





1 


1 









1 





1 





1 


1 


o 

















1 


1 





1 


1 


o ! o 











1 


1 


1 











1 


1 

























1 





1 


1 








1 










1 


1 








c 











1 







1 


1 I o 














1 • 


1 










I 1 


1 

















1 







o ; i 


1 











1 





1 




1 





1 


1 











1 


1 




1 





1 , 


1 






I 


1 

1. . 


1 


1 







i 


1 h 


1 






i 















■ 


W PACKAGE 

W, ' U Ct «* <WD 1, *i Ii 
W W M U 11 11 W • 

nnnnnnnn 












uuuuuuuu 

i i ■ « t • i ■ 

** *« *i H *oc »i ■» *i 

B,F PACKAGE 

•« U C, Co CM) »i *1 Ii 

nnnnnnnn 












UUUUUUULJ 

1 1 1 4 1 ■ t 1 

** *J *1 *1 v tt *» ■, «, 





NOTES: 

Input conditions at A^, A 2 , 8-., 3.^, and Cq are used tc determine 

outputs £. and ^2* and tna value of the interna) carry C 2 - The 

LOGIC DIAGRAM 



value* at C2, A3, 3-j, A*, and S 4 , are then used to determine 
outputs £3, S^j, ar.d C 4 . 



Ao^SSpo 






-^>*-T 



i}[>- 



=X>=' 






-O" 



7XX, 



ij>^ iO-rO 



J°- 
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D COMPONENT DESCRIPTION 
D.6 INTEGRATED CIRCUITS 



7UR3 cont'd 

RCCC'MF.NDcO OPERATING CONDITIONS 



Supply Vintage V cc : (See Note 1) S5483 Circuits; 

N7483 Circuits 
Norma* zfcd Fan-Out From Outputs: C 4 



4.5 
4.75 



NOM 



MAX 



5.5 

5.25 

5 

10 



UNIT 



V 
V 



ELECTRICAL CHARACTERISTICS (over recommended operating f tee-air temperature range unless otherwise noted) 



PARAMETER 



T 



TEST CONDITIONS' 



Input voltage requirod to 
ensure logical 1 at any input 
terminal 

Input voltage required to 
ensure logical Vat any input 
terminal 

Logical 1 output voltage 
i v out(0) Logical output voltage 

Logical level input current 
at A,, A3, B|, B3, or Cg 
Logical level input current 
at A ? , A 4 , 8 2 , or B 4 
Logical 1 level input current 

A V A 3. S V B 3- or C 
Logical 1 i&vel input current 

A ; , A 4 , B 2 , or B 4 
Short-circuit output current 
at £1. £2- E3, or E 4 ♦ 
Short-cii-cuit output current 



".n(1> 

V in(0l 

V out(1) 
'out(C 

m(0) 
in!0l 
in(1> 
inil) 
'OS 



"CC - 



"cc 



l cc 



■MIN 



■MIN 



V CC - MIN 

V CC - MAX. Vi„- 0.4V 



• MAX, V in - 0.4V 

■ MAX. V jn - 2.4V 
V CC - MAX, V in - 5.5V 
V CC - MAX. V in - 2.4V 



'CC 



'CC 



'OS 
! CC 



otC^ 
Supply current 



V cc @ MAX. 


Vm-5.5V 


Vcc " MAX 




S5483 
N7483 


V cc - MAX 




S5483 
N7483 


Vcc ' MAX ' 







SWITCHiri G CHARACTERISTICS, V cc - 5V. T A - 25°C. unless otherwise noted N - 10 



TYP* 



MAX 



2.4 



-20 
-18 
-20 
-18 



53 



0.8 



0.4 
-3.2 

-1.6 

80 

1 

40 

1 

-55 

-55 

-70 

-70 

73 



V 
V 

mA 

mA 

"A 
mA 
"A 
mA 
mA 
mA 
mA 
mA 
mA 



PARAMETER t 



'pdl 
'pdO 
'pril 
'pdO 
'oJl 
; pd0 
'pdl 
'pdO 
•pd1 
'pdO 
'pd1 
'pdO 
'pal 
'pdO 



r rem 
F'om 
rrcm 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 



Cgto 1 
C c to 1 
Cgto 2 
C to2 
C to3 
C tc3 
Cg to 4 

Cg tO 4 

Cq to C 4 

Cg to C 4 

A 2 or B 2 to 2 
A 2 or B 2 to 2 
A 4 of B 4 to 4 
A 4 of B 4 to 4 



TEST CONDITIONS 



R L =400f! 
R L ■= 400fl 

r l - 400a 
R L = 40on 

R L -400fl 

R L «4oon. 
R L -40on 

R L -400n 
S L » 78QO 
R L = 780n 

r l -4oon 

R L - 400fl 
R L »400S1 
jC L --50pF, R L = 4O0f2 



C L • 50oF, 
C L - 50pF. 
C L -50o c . 
C L -50pF, 
C L = 50pF. 
C L »50pF, 
C L = 5CpF, 
C L - ECpF. 
C L = SOpF, 
C L - SOpF. 
C L - DOpF, 
. C L - 50pF, 
j C L - SOpF, 



For 



'• Ali 
1 Nioi 



■ t t> oe 



igation delay time to leg 
shown as MIN or MAX 



MIN TVP MAX UNIT 



23 
20 
24 
22 
30 
24 
30 
28 
12 
12 



34 
34 

35 
35 
50 
40 
50 
SO 
20 
20 
40 
35 
40 
35 



ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 



1 — — 

I lev*:. * rf0 is propagation delay *.imn to logical lava). 
ise tha appropriate value specit ea under recommended operating condition! for the applicable 



ic*. I leve 



..cai values are at V cc » 5V, T A - 35 C. 

f?re than on* output should be shorted at a time 



NOTE 1 ■ Thasi voltage values are with respect to network ground terminal. 



D.6 INTEGRATED CIRCUITS 



TU86 



DESCRIPTION 

Tho M/7436 Quad ?-lnput Exciutve OB Gate is a TTL element 

providing tnc function KB + AB at the output. 



TRUTH TABLE 



INPUTS OUTPUT 


A B I V 


C 

1 

1 
1 1 




1 
1 





RECOMMENDED OPERATING CONDITIONS 



Supply Voltage V- c S5436 Circuits 

! " ' N74S6 Circuits 

I Normalized Fan-Out from each output. N: Logical 

I Logical 1 



PiM. CONFIGURATIONS 



W PACKAGE 

u u tl II w • • 

n n n n n n n 



kJ l£ 



L^O 1 



nn*i 



111 til □ U D til U 

i i i « • « ' 



A,F PACKAGE 



nnnnnrm 
"ISbJ L5B-I 

U U LJ D lJ U U 





MIN 


NOM 


MAX 


UNIT 




4.5 


5 


5.5 


V 




4.75 


5 


5.25 
10 
20 


V 



ELECTRICAL CHARACTERISTICS lover recommended cporaling free-air temoeiature range unle-s otherwise noted) 



PARAMETER 



Input voltage required to 
v inCi) ensure logical 1 at any input 

terminal 

Input voltage required to 
V ip i > ensure logical at any input 

terminal 

v oit(1! Logical 1 output voltage 

' v OJt(0! Logical output voltage 

Log cal 1 <eve! input 
in'1) currant (each input) 

Logical level input current 



1,1101 leach input) 



'OS 



l CC 



Sl.ort circuit output current 



Supply current 



TEST CONDITIONS 



'CC' 



'CC 



■ MiN 



V cc -MIN.V inn ,-?V. 

Vin-Ol^-^-'load-- 800 MA 
V cc -MIN,V in(1) -2V. 

v in<0) ° 8V - 'sink ' 16mA 
V cc - MAX, V |n - 2.4V 
V cc = MAX, V ir) - 5.5V 



V cl ---MAy.V in „,*4.5V, S5486 

Vi„ffl,-C " N7486 

S54S6 

Vcc- MAX. V iB - 4.5V N7 . 86 



T" 
| MIN TYP** MAX I UNIT 



2.4 



-20 
-18 



30 



0.8 



0.4 



40 


fA 


1 


mA 


-1.6 


mA 


-55 


mA 


-55 


mA 


43 


mA 


50 


mA 



SWITCHING CHARACTERISTICS. V ;c - 5V, T A - 25C. N - 10 



PARAMETER 



Propagation deiay time to 
t^g log ! «l level (other input 

low) 

Propagation dei^y tine to 
Ljj logical 1 level (other input 

low) 

Propagation delay time to 
'od0 logical levai (Other input 

hinhl 

Propagation delay time to 
t.- ' logical 1 level (ether input 

high) 



TEST CONDITIONS 



I 



C, - 15pF, 



15pr, 



a, - 4oo 



15pF, 



C L - 15pF, 



P., - 400 



MIN TYP MAX 



13 



1E 



UNIT 



17 



23 



22 



30 



• For conditions shown as MIN or MAX, use the appropriate value soec-tied under recommended opening conditioni for tne applicable 
circuit type. 
•• AM typical values are at V cc - 5V, T A ~ 25°C. 
♦ Not more than one output should be shorred at a time. 



D.6 INTEGRATED CIRCUITS 

7^90 



, monolithic decade counter 
V.e flip-ffops internally inter- 
im counter and a divide-by-f:ve 
i ■; vid'd to inhibit count inputs 
lk to a canary cod?d drc.ma! 
•- flip-fioD A is not internally 
.;ie cojr.i may be separated in 

■_:;r\ai decade counter, the BD 
*rd to the A output. The A 
■*t, and a coj^t seouence is 
BCD count sequence truth 
to a conventional "0" reset, 
i BCD 9 count for nine's 



DESCRIPTION 

T*v Sr^C0;W7J91 is * hich-speec 
cun-t?-.! ifj o f tcur dufci-rank, rr.a:" U r-i 
ton. -xc;* ci to provide a d-^ae-Ly-iv. 
CQijr.tcr. Gated direct leset I . r ^ s jf= r, 

unJ 't-Turn aii outputs Tr, h ';, i.e...: "Z 
h~ : :/> l..j it of 9 *.$ tn< ot., ■;)•.:• -re 
co r ■ i-c-.r-i *,- the buc^fcc!.: 3 stoat;., i 
three indt'tjv'n-ipnt count nicdes: 
1 V*. -L'f. uj.ee s, r binary cedpd a»: 

-rpj' must he extemany conr^: 

inojt r ece'ves the inccnmg co„ 

o'iia;nec m accordance w:n trv 

tsb'e shown above. In addition 

inputs are provided to reset ; 

complement decimal applications. 

2. I 1 a symmetrical divide-hy-ie r - count is desired for freau^ncy 
v/ntnesizers oi othe* oupiics.tims squiring division of a binary 
count by a power of ten, thv D output must be externally 
connected to The A ir.put. Tn» ; n M «t count is then applied at the 
BO mpui ar.o a divide-by-ten square wave is obtained at output 
A 

3. Ft- operation as a dtvide-by-two counter and divide-by-five 
counter, no externa* intercc.-.np.-rons are required. Flip-flop A 
k j'fd ds a binary tiemem 'o' tr.t: ^ivide-by-two function. The 
SO input is used to obtain binary uivide-by-f ive operation at tne 
B, C, and D outputs. In triis mode, the two counters op- 
er-jte independently; however, ail four flip-flops are reset 
s-rnulto'ieousiy. 

Tnu W 90/74 90 is completely ccmuot.ble with Series 54 and Series 
'<£ •o.iic *fc!Ti<:ts. Average. power dissipation is 160mW. 



PIN CONFIGURATIONS 



W PACKAGE 




L'UUUULiU 

2 I • i ■ t 

"oi. "<ui >c a.,, v» 

A.F PACKAGE 



n n n n n n n 



r 






:£>-CP= 




lj J U U U LJ U 



LC3!C TRUTH TABLES 



eCJ COUNT SEQUENCE (Sea Nets 1) 



RESET/COUNT (See Note 2) 





OUTPUT 


COUNT 


D 


c 


e 


A 

















1 











1 


2 








1 





3 





1 


1 


4 





1 








& 





1 





1 








1 


1 





7 





1 


1 


1 


£ 


1 











g 


1 





1 



R r .SET INPUTS 




X 

1 

X 

X 





O C B A 





10 1 
COUNT 
COUNT 
COUNT 
COUNT 



NOTES: 

1. Output A connected to input 
BD for BCD count. 

2. X indicates that either a logi- 
cal 1 of a logical O may be pre- 
sent. 

3. Fanout from output A to in- 
put BO and to *.0 additional 
Series 54/74 load!, i* permit red 



SCHEMATIC DIAGRAM 




RECOMMENDED OPERATING CONDITIONS 



I 




MIN 


NOM 


MAX 


UNIT 


I Supp.v Voltage V C( ~: S5490 Circuits 


4.5 


5 


6.5 


V 


I N7490 Circuits 




4.75 


5 


5.25 


V 


I Notnv'.red Fan-Out frcm each Output, .\ 








10 




j W'ath of Input Count Pulufl, t n , in j 




50 






ns 


! .Vct'i of Reset Pu'se. f circ , ,-i 




50 






ns 


I Opcutng Froe-Air Tempi-, a*ure P3rg>. T-; 


S5190 Circuits 


-55 


25 


125 


°C 


i 


N7490 Circuits 





25 


70 


°C 



D-162 



D.6 INTEGRATED CIRCUITS 



7h9C CONT"D 



EL 


SCTfUCAL CHARACTERISTICS !over recommended operatina 


free-air le-nperature range 


unless otherwise noted) 










PASAMETEH 


TEST CONDITIONS" 


MIN TYP** 


MAX 


UNIT 




v in(1i 


Input voltaye required 
to ensu'e logical 1 at 
any input terminal 


V cc - MlN 






2 




V 




Vjn(O) 


Input voltage required 
to ensuro logical at 
any input terminal 


V CC -WIN 








0.8 


V 




i v out(l) 


Logical 1 output 
voltage 


V CC " MIN ' 


'load = -4C0jjA 




2.4 




V 




v out(0) 


Logical outout 
voltage 


V cc = MIN, 


Uirk ' 16mA 






0.4 


V 




'in(l) 


Logical ' level input 
current ut Rq(ij, 
"0(2). "9(1).'°' 
R 9(2) 


V cc - MAX, 
V cc - MAX, 


V ir » 2.4V 
V;„-5.5V 






40 


"A 
mA 




«in(1) 


Logical 1 level input 
current at input A 


V CC * MAX - 
v C c * MAX ' 


V in = 2.4V 
V,n = 5.5V 






80 
1 


uA 
mA 




'in(i) 


Logical 1 level inout 
current at input BO 


V cc » MAX, 
V cc * MAX, 


V in =2.4V 
Vin " 5.5V 






160 
1 


uA I 
mA 




'in(O) 


Logic?! level input 
current at Ro{1}- 

"0(2). Rgni.or 

"9(2) 


V CC = MAX ' 


V m - 0.4V 






-16 


mA 




'in(O) 


Logical level input 
current at input A 


V cc = MAX, 


V in = 0.4V 






-3.2 


mA 




lin(O) 


Logical level input , 
current at input BO 


V cc « MAX. 


V in = 0.4V 






-€.4 


mA 




'os • 


Short circuit output 


V cc = MAX, 


Vout " 0V 


S5490 


-20 


-5 7 


mA 


i 


current *" 






N7430 


-18 


-57 


mA 




'cc 


Supply current 


V cc - MAX, 


V in -4.5V 


S5490 


32 


46 


mA 


\ 








N7490 


32 


53 


irA 



SWITCHING CHARACTERISTICS, V cc = SV, T A - 


2S°C, N - 10 












PARAMETER 




TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


f max Maximum frequency of 


C L = 15pF, 


R L = 400n 


10 


18 




MHz 


input count puises 














*pd1 Propagation delay time 
to logical 1 level from 
input count pulse to 
output C 


C L =15pF, 


R L -400fi 




60 


100 


ns 


tpdo Propagation delay time 
to logical level from 


C L - 15pF, 


R u -400VJ 




60 


100 


ns 


input count pulse to 
output C 















* For conditions shown as MIN or MAX. us* the appropriate value specified under recommended operating conditions for the applicable 
circuit type. 
" A.I typical values are at V cc = 5V, T A - 2S°C. 
t Not more than one output should be shorted at a time. 



7^93 



DESCRIPTION 

Tha Sl>493/:47493 is a high-speed, monolithic 4-bit binary counter 
consisting of four master-slave flip-Hops which are internally 
interconnected to provide a divide-by-two counter ar>d a divide-by- 
a.S^t counter. A gated direct leset itne is provided which inhibits the 
count inputs and simultaneously returns the four flip-flop outputs 
tc a log. cat 0. As the output from flip-flop A is not :nternally 
ccr.nocjd to the succeeding fhp-fiops the counter may be operated 
In twu independent modes: 



When used as a 4-bit rippte-thiough counter output A must tie 
externally connected to input B. The input count pulses are 
applied to i'.put A. Simultaneous divisions o* 2, 4, 8, and 16 are 
performed at the A, 3, C, and D outputs as sht:wn ; n the truth 
tgble. 



2. When used as a 3-bit ripple-throunh counter, the input count 
pulses are applied to input B. Simultaneous frequency divisions 
of ?. 4, and 8 are available at the B, C, and outputs. 
Independent use of flip-flop A is available if the reset function 
co'nctaes with reset of the 3-bit ripple-through counter. 

The K^93/N7493 is completely compatible with Se-ies 54 and 
Seritr: 74 logic families. Average power dissip3: ; on is 32mW per 
tlip-fioo (123mWlataW. 



riN CONFIGURATIONS 



. W PACKAGE 

•■CAD ««l I C 



U LI 1j U U U 



»»ii **.*! •« 



A.F PACKAGE 




CNO ■ C 



n n n r n 






TJ UUUUU 



D-163 



D COMPONENT DERCR 



[■ION 



D.6 INTEGRATED CIRCUITS 



7^93 cont'd 

T~U~H TABLE (See Notes 1 and 2) 



LOGIC 



Li 







OUT 


3 UT 




COUNT 


D 


c 


b 


A 

















1 











1 


2 








1 





3 








1 


1 


4 





1 








5 





1 





1 


6 





1 


1 





7 





1 


1 


1 


8 


1 














OUTPUT 


COUNT 





C E 


A 


9 


1 





1 


10 


1 


1 





11 


1 


1 


1 


12 


1 


1 





13 


1 


1 


1 


14 


1 


1 1 





15 


1 


1 1 ' 


1 



SCHEMATIC DIAGRAM 



NOTES: 

1. Output A connected to input B. 

2. To reset all outputs to logical 0, 
Dotn Rq(^ ir.d R (2) m P ut * 
must be at logic?! 1. 




RECOMMENDED OPERATING CONDITIONS 



Supply Voltage V cc : S5493 Circuits 
NM&3C.-C iiti 
Ooeratiny Preo-Air Temperature Pa, -.96, T A : S5493 Circuits 

N7493 Circuits 
Normalized Fan-Out from each Output, N 
I Width of Input Count Pulse, '(,-,. 
: Width or Reset Pulse, t p(re ^ t) 



MIN 



4.5 

4.75 

-55 



50 
50 



NOM 



5 

5 

25 

25 



MAX 



5.5 

5.25 

125 

70 

10 



ELECTRICAL CHARACTERISTICS (over recommend ad operating free-air temperature range unless otherwise noted) 



UNIT 



V 
V 

°c 
°c 



PARAMETER 



Vind) Input voltage requi'ffd 

to ensure logical 1 at 
any input terminal 
Vin(O) Input voltage required 

to ensure logical ?.t 
any input terminal 
V out (j) Logical 1 output voltage 
v out(0) Logical output voltage 
ljn(l) Logical 1 level input 

current at Hcdl or 
R C(2) inputs 
'in(1) Logical 1 level input 

current at A or 8 mpu*s 

'in(O) Logical level input 

curre'i*. at Rq( d or 
R 0)2 , inputs 

'in(O) Logical level incut 

currant it A or 5 inputs 

Iqc Short circuit output 

current* 

Ice Supply current 



TEST CONDITIONS* 



V CC -MIN 
V cc - MINI 



V CC 



' MIN, 

V 0C"~' M " 1 '' 
V>f. - MAX, 
' MAX, 



"CC" 
^CC 



y c „ - MAX. 
V C q » MAX. 



*CC 



"CC 



■ MAX, 



V,~- - MAX, 



'CC 



'lord 


>-400uA 


'sink 


= 16mA 


Vin- 
Vin; 


2.4V 
5.5V 


V, n - 
V in - 


2.4V 
5.5V 



Vi„-0.4V 

Vin " 0.4V 
V ou . ., 
V jR = 4 5V 



S5493 
N7493 
SS<»93 
N7433 



TYP" MAX UNIT 



2.4 



-20 
-18 



!2 
32 



0.8 



0.4 

40 

1 



30 
1 

-1.6 



-3.2 

-57 

-57 

43 

53 



V 

V 

*A 
mA 

mA 
mA 



mA 

mA 
mA 
mA 
mA 



D-l6»4 



D $0P4P0NENT DESCRIPTION 
D.6 INTEGRATED CIRCUITS 



7^93 cont'd 

SWITCHING CHARACTER(i;T:CS, V fX - 5\ 



■25°C.N-1,0 



PARAMETER 



'max Maximum frequency of 

input count pulses 

'pdl Propagation delay t.me 

to logical 1 level from 
input count pulse to 
output D 

tQdo Propagation delay time 

to logical level from 
input count pulse to 
output 



TEST CONDITIONS 



C L = 15pF, 
C L «15pf=, 

C L - 15pF. 



r l = 400.n 



r l = 40on 



I 



18 
75 



75 



MAX | UNIT 

i MHi 



135 ! ns 



135 



for conditions sho*n « WIN or MAX. use th. appropriate vaiu. jp*c,*i.d under recommended operating conditions 



for mo app'iccbia 



tatvice tvpe. a 

' All typical w.luej ar a at V cc » 5V, T A » 25 C. 
' Net mora than one output snculd be shorted at a time. 



7^95 



DESCRIPTION 

The 54/7195 is a monolithic universal 4-Bit Shift Register designed 
with standard TTL teenniques- The cucui* layout consists of 4 R-S 
master-Slave flip-flops. 4 A>.!>OP-:MVERT gates, and 6 inverters 
ccriia^red to form a versatile register which will perform right-shift, 
left-shift, or paraUel-in, parallel-out operations depending on the 
logr.ai input level to the mode control. 

RisM-shif- oopr:Tions are Derfornied when a logical level is applied 
tc the merit control. Seria data is entered at the serial input D s and 
sri.'ifc one posiuon right ot each clock 1 pulse. In this mode, clock 
2 an J parallel irputs D4 thru Dq are inhibited 

P*r:->'lc!-ir,.paraiie!-out operations are performed when a logics! 1 
level is ipplico to the .-node control, f-arallel data is entered at 
pard-ei inputs Da thru Djj and i; transferred to the data outputs 
Ac thru Do or each clock 2 pulse In this mode, shift-left operations 
may 02 'implemented by exte-xa!lv tyinc tne output of e*ch fiip- 
fiep tc tnc r.a.-aliei ; r.put of the previous flip Hop (Do to Dq and 
c-;..J, wr.h se-;ci Q3ta entry at input 0r\. 

Information mua be present at the P-S inputs prior to clocking and 
transfer oi data occurs on the f jlfing edge o f the deck pulse 

LOGIC DIAGRAM 



PIN CONFIGURATIONS 



A.F PACKAGE 



ClOCK 1 C^OCK 7 



n n n n n n n 








u u u u U U 'LJ" 

■> 1 1 * 1 • 1 

Unit! A • c D »ot[ 

"* UI ' i**ut» ' eww 



-tpKJ-tx^CT 



<? i 9 

• I, — : IM .^—1 





4 



RECOMMENDED OPERATING CONDITIONS 



Supcly Voltage Vq^ 

No mail.™.-.' rcn-Out r-rorn Each Output 



S5495 Circuits 
N'49S Circuits 



Vw-jir- cf CiocK Pulse t 



plclock. Ji5^95 Circuits 

N743n Cir-uits 
Setup Time Ruciuired at Serial, A. 8, C. or D Inputs t c „, 
H •_■':' Time Resulted at Sorial. A. B. C. or D Incuts t,. ,, . 
L;.i : t .' Level Se.i.'p Time required at MoneCont.oi 

'". Th r& ; f>:jt to Cock 1 inputs! 
Li..j,"o 1 ie\« c'. tup 7i.--^ Ri:quirr.d at Mode Control 

''IVtn Fi:-pec- to C oci- 2 .nuu'.l 
Lorj.ca L-?' e! Setup Time Required at Mode Control 

IV-iih c ;-ipccr to Clock 2 input) 
tegcal 1 i.eve-' Setj- True riequircd at Mode Contr.i! 

HVlh Rasoe-.-t '.'/ CI„i,-.<, 1 input) 




D-165 



D COMPONENT IN SC RIPTION 
D.6 INTE'..iRATr^j CIRCUITS 

T>495 cont'd 

£1 CCTR ICAL CHARACTf niS TICSjg,, commend, i opwatin, -coir ,.,p...„,,, e , 



PARAMETER 



I Input voltage .'K;^::i-i;c to 
I 

V jn| .) ensurelocical1aiai.vinp.it 

I terminal 



Input woltaoe required tc 
V; ri jQ) ensure logical a; any input 

terminal 
v oJtl1) Logical 1 output voiTa.ji " 
V »Jt(0) Lo S' cal output -ol'age 

Logical level input current 
l in\0! at any input except mode 

control 

Loyical level input current 

at mode control 

Logical 1 level input cu-rent 
'trt(l) at any input except made 

control 

Logical 1 level input current 
'in(l) 



ange unlets otherwise noted) 



TEST CCNCI7I0NS* 



MIN TYP*» MAX UNIT | 



inIO) 



at mode control 



j Iq3 Short-circuit output current* 

i 
l^c Supply current 



V, X -MIN 

V (;c - MIN 

V cc - MIN. l lMd - -800mA 
V cc -MiN.l sink -1timA 

V C C - MAX > v in = °" v 



'CC 



- MAX, V;„ - 0.4V 



V CC - MAX, V in = 2.4V 
V cc - MAX, V in - 5.5V 

V cc - MAX, V |n - 2.4V 



'CC 
/ CC 



"CC 



1 MAX, V ;|) > 5.5V 
•MAX 



'MAX 



N7495 



2.4 



-18 



39 



50 



0.8 

0.4 
-1.6 

-3.2 

40 
1 

80 

1 

-57 

63 



mA 

yA j 

mA J 

i 

uA | 

rr.A | 

TA 



SWITCHING CHARACTERISTICS. V cc « 5V, T A - 2"5°C. N - 10 



PARAMETEH 



'max Maximum shift frequency 

Propagation delay time to . 

tpjj logical 1 level from clock 1 

or clock 2 to outputs 
Propagation delay time to 

tpjjrj logical level from clock 1 

"Or clock 2 to outputs 



TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


C L - 15pF, 


n L -4oon 


25 


36 




MHz 


C L = lEpf, 


fl L -4oon 




18 


27 


ns 


C L - 15pF, 


R L «4oon 




21 


32 


ns 



'For conditions shown as MIN or MAX, use the appropriate valua 

Circuit tvoe. 
' * Ai» ivpical values are at V qq 3 SV. T. » SS^C. 

• u: .tio.c than one output shou'a be shorted at a time. 



V* 12^ 



P=SCfiiPTION 

Thtsp rrr;nos:ab!fcs are desiyned to provide the svstem dftS'gner w'th 
ccn-.piete f it-x.bil.tv in controlling the pi.ise width, either to lengthen 
\r,\ : nij.se by revriogenng, or to shorten by clearing. N741Z2 has an 
vttwt?! Iimirij rffctor which allows the circuit tj be cc-^rattd 
w<t.-l on.y on Sterne 1 capac.ro , tf so Jeered. Apolk^ticns r=qu;fir.g 
nt-e p'ecis.2 ojr^e widths and not rehiring the c ; car feature ;^n 
be;: be sotititea wtth N74121. 

The output pulce iz primarily a function of the external capacitor 
and resistor. For C ex t > lOCOpF, the output Dulse width (ly^) is 
defined as: 



0.7 N 



specified under recommended operating conditions for the applicable 



Pttt CONFIGURATIONS 



■ 0.32 n T c €xt ^ + ojj 



where 

Rj is in ki"2 (either internal Of external 

timing res'storl 
C exl is in pF 

t w is in ns 

For pulse widths when C ex t ** TOOOpF, see Flour* B. 



T>Kse circuits are fiu'v comDanble with most TTL or DTL families. 
tf.c jf, ^re c\oc:h-c'a'"oe r 1 to niinimi?e ^'iocti.^.s due to trar^miss.on- 
:. i- 'i!t-.,rs, wiich t ittjI .f < es ci.-si.j-. Ty H '."sl oowir diiSipfjtion p«' 
r - p ;-,o- is 11b >-> i\tv/a' r .'.; tvP-'-'- ; a^v-iw p*-matpt ion a^'ay 1 rne 
\- u\a Q output is ?1 nar.sst-cond'. The N;412i a'>d U/4123 are 
chfc ac'crizea for operation from C -.0 70" C 



S4/74123 B,F,W PACKAGE 

"i n n n n n 




U Ll U □ n Li U" 



•J QUM B 4MB 



74122 A,F PACKAGE 




yacka^fcS, 



rs 1 ^^ 



D. 6 INTEGRATED CIRCUITS 
7^123 cont'd 

Tfi'JTrf TABLf iSecNoteAl 



r 



N 74 122 






INPUTS 




OUTPUTS 


A 1 


*2 


Bl 


3 2 


Q 


Q 


H 


H 


X 


X 


L 


H 


X 


X 


L 


X 


L 


H 


X 


X 


X 


L 


<- 


« 


L 


X 


H 


H 


L 


I. 


X 


t 


H 


n | i_r 


L 


X 


H 


♦ 


j~l \ i_r 


X 


L 


K 


H 


L 


H 


X 


L 


t 


H 


n 


i_r 


X 


L 


H 


1 


J~L 


i_r 


H 


i 


H 


H 


n. 


t_t 


4 


I 


H 


H 


J~L 


i_r 




H 


H 


H 


n 


T_r 



SE4123.N741Z3 



INPUTS 


OUTPUTS 


A B 


q er 


H X 


L H 


X L 


L H 


L t 


JT. 11 


.* H 


XL IT 



NOTES; 

A. H * hich te./B< (steady-state.-, L - low level (steady state), t = 
transition from low to high lev«l, 4- "■ 

transition 1 om high to 'c-.v level, J~l = one high-level pulse, 
~lS- or.b low-levet pulse, X ~ i-relevant (any input, including 
transiticr.-;). 



S. NC a No internal connection. 

C. To use the internal timing reristor of N74122 OCki7 nominal), 

connect Fi, n - to Vr^. 
O. An exierhai li;vi;ng capacitor may be connected botween C ext 

and R Bx t/C Bx . ipos.ttvej. 



RECOMMENDED OPERATING CONDITIONS 



Supply Voltage Vcc 




SS4123. N74122, 


N74123 


1 

UNIT I 


MIN 


NOM 


MAX 


1 
V 


4.75 


5 


5.25 




High Lcgic Level 






20 
10 






Low-Logic Level 








Input ista setup time, t 5e t up (See Note 31 




40* 






ns 


Input data hold time, t no id tSee Note 4) 




40* 






ns 


Width of Ciear Pulse, t w ( r |e3r} 




40* 






ns 


Exte-nat Timing Resistance 




5 




50 


nil 


External Caoacitance 




No Restriction 




Wiring Ca^acitnnca at R ex ^/C exT Terminal 




I 


50 


pF 


Operating Free-Air Temperature, T^ 




J 25 


70 


°C 



*Thes« conditions are recommended for use at V^^ - 5V, T^ - 25 C. 
NOTES: 1. Voltage values, except intcrmitter voltage, are with respect tc network ground terminal. 

2. This is the voltage between two emitters of emuitipie-emrne' transistor. For the N 74 122 circuit, this rating applies to each A input 
with respect to the o"hdr i.r>a tc each B input with rescect tc the other. 

3. Setup time for a dynamic input is the :nt«"-vai immedietely preceding the transition which constitutes the dynamic input, during 
which interval a steady-state logic level must be maintained at the input to ensure recognition of the transition. 

4. Hold time for a dynamic input is the interval immediately following the transition which constitutes the dynamic input, during 
which interval a steady-state logic level must be maintained at the inout to ensure continued recognition of :h« transition. 

6. Ground C ex t to measure Vq h at Q, Vqj_ at G, or \q§ at O. C ex - is open to m*z* jre Vgn ** ^- ^Ol at < ~ 1, or 'OS a - ^- 

6. Quiescent I^q is measured (after clearing) with 2.4V applito Xo all cn»jsr ami A inputs, 3 inputs grouraed, al' outputs jpen 
c «xt * 0.02^F, and R ext - 2 = *ft. R int of S£4 1 27/N 741 22 is open. 

7. 1 CC '* measuiad in the figgernc stste with 2.4V app'iea to ill clear and 8 inputs, A inputs grounded, all Outputs opt*r. 
c ext* 0.G2MF, and P e xt = 2* k ^- *int cf S54122/N74122 if open. 

ELECTRICAL CHARACTERISTICS (ov«r operating free-sir temperature range unless otherwise noted) 



PARAMETER 


TES 


T CONDITIONS* 


MIN 


TYP" 


MAX 


U.*jIT 


V|H 


High-level input voltage 






2 






V 


VlL 


Low-level input voltage 










0.8 


V 


V| 


Input clamp voltage 


V CC * MIN ' 


l| »-12mA 






-1.5 


V 


V H 


High-level output voltage 


V cc - MIN, 
See Note 5 


i H - -800uA 


2.4 






V 


vol 


Low-level output voltage 


V CC = MIN, 
See Note 5 


'OL " 16mA, 




0.22 


0.4 


V 


•l 


Input current at maximum 
input voltage 


Vcc * MAX ' 


V| - 5.5V 






1 


mA 


■IH 


H.gh-level input current da,a inputs 
clear input 


V CC • MAX, 


V| -2 4V 






40 

80 

-1.6 


uA 


«1L 


Low-level input current c!ear inp(Jt 


U cc = MAX. 


V| ' 4V 






-3.2 


mA 


'os 


Short-circuit output current* 


V C C = wax. 


See Note 5 


-10 




-40 


mA 






vcc = MAX . 

See Notes 6 an 


N74122 




23 


28 




ice 


Supply current (quiescent or triggered) 


d7 N74123 




46 


66 


mA 
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D C OMPONENT DESCRIPTION 
D.6 INTEGRATED CIRCUITS 



TUl P3 cont'd 

SVY-'TCKIMG CHARACTERISTICS. V cc - 5V. T A - 25"C, N - 10 





PAAAV6TER 


T£ST CONDITIONS 


WIN 


TYF 


VAX 


UNIT 




Propagation deiay time, !ow-to- 






1 " 






l PLH 


high-level Q output, 'from either 

A input 

Propagation delay time, low-to- 






22 


33 


ns 


IPLH 


high-levsl Q output, from e-ther 

B input 

Propagation delay time, h.gh-to- 






19 


28 


ns 


tpfiL 


iow-level Q output, from either 

A input 

Propagation deiay time, high to- 


Cext-0. R e)tt »5ka. 
C L -15pF, R L »400n, 




3C 


40 


is 


«PHL 


tow-level Q output, from ei trier ' 

B input 

Propagation deiay time, high-to- 






27 


38 


ns 


tPHL 


low-level Q output, from clear 

input 

Propagation detay time, low-to- 


■ 




18 


27 


ns 


*PLH 


high-level Q output, from dear 
input 






30 


40 


ns 


*w(min) 


Minimum width of output puts* 






45 


65 


ns 


, «w 


Width of O output pulse 


C ext -* lOOOpF, R ext - 10kfi 
Cl-15p?, R L -400rt 


3.03 


3.42 


376 


MS 



7^150 



DESCRIPTION / 

Trie 54/74150 is a one-of-sixteen dara selecto r which performs 
oaralit-;(-to-s?rta ; data conveys. on, Ths unit incorporaes an rrab'*? 
circuit for chip select. This allow. mu!t.ple*ing froir, N-hnes to 
one-line. 

T>j 55415C/N741 50 is provided with a srrot^-inojt wh.cn. /jhen 
ta^en to a logical 0. enp:\tf!= tt.-: ;., tct.on tt tne^c mu tipiex^rs. 

TVs dit& selector/multiple *.?r is p. i'v compatible for use with other 
TTL o? DTL circuit cf.r- 'p..: ".ureents onv ore nom^izerj 
Sents 54/74 load, and fui' *.--. c-: to 10 nor— aluej Srfr es 54/74 
toa-^r. is avo;l3b'e -rom r^ch of t-w output*, in »he logical state. A 
fan-cut to 20 normal i;ed Stnti 6--W4 loads is srcvided -n tnu 
lotjicai 1 state to faoiiTau? conne-non of unused inputs to used 
inputi. Typical power diV..p<u.or,s ar*: 
S5*1S0/N7415G - 200 met. watts. 



LOGIC DIAGRAM 



PIN CONFIGURATIONS 



N,G,F PACKAGE 



i i n n n. 



tn *u tu 



i, 

it, 



^ 



L 



I- UUUULJLlUu UTJTT 



DA'AMIKT H«A#v| 



11 0».I Q«11 Ql« «->»• Q«« f'l pi. 31» QI4 o*j oi, Ql, ot,« 




iillliii.iiir 



T 
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D COMPONENT DESCRIPTION 
D.6 INTEGRATED CIRCUITS 



7^150 cont'd 

THUTH TABLE 



IIWJTJ 


OUTPUT 





c 


■ 


a iSTnoee 


•0 1 «i ! «al «i 


«4 1 «* 1 *« i «7 ]_«! 


E, 1 *,„ 


»ti 


( 17 


*t3 


E,4 


'15 


W 







g 






1 





1 

1 

• 

1 
1 


a 


9 





' 

! 




a 






1 

1 


a 





! 

f 

1 










* 


a 














9 

a 

a 
9 
a 


a 


a 


e 









Q 

X 




X 
X 

X 

X 


; 

X 

< 

X 


X 



X 

X 


\ 

x 



; 

X 


t 1 « 

5 i; 

x i « 

t I ; 

" ! » 
« 1 1 

: i : 

x ! x 

x I x 


J 

X 
X 



X 
X 


X 
X 





X 

D 

; 




x x 

X X 
9 X 

x 


X 

X 

X 




X 

X 

» 




O 

a 





RECOMMENDED OPERATING CONDITIONS 



Supply Voltage Vp^: S54150 Circuits 
N74 150 Circuits 
Normalized Fan-Out from each Output, N: Logical 

Logical 1 


MIN 


NOM 


MAX 


UNIT 


4.5 
4.75 


5 
5 


5.5 

5.25 

10 

20 


V 
V 



ELECTRICAL CHARACTERISTICS (over recommended operating free-air temperature range unless 


otherwise noted) 






PARAMETER 


TEST CONDITIONS* 


MIN TYP *' 


MAX 


UNIT 




Input voltage required to 












V in(1) 


ensure logical 1 at any input 

terminal 

Input voltage reauired to 


V CC -MIN 




2 




V 


v in(0) 


ensure, logical at any input 
terminal 


V CC -MIN 






0.8 

■ 


V 


v out(1) 


Logical 1 output voltage 


V CC - MIN, V in(1) -2V.V m(0) - 0.8V, 
'load--* 00 ** 




2.4 




V 


v out(0> 


Logical output voltage 


V CC - MIN. V in(1) -2V,V jn(0) - 0.8V, 
'sink ' 16mA 






0.4 


V 


i 


Logical 1 leve' input 


V CC « MAX, V in - 2.4V 






40 


*iA 


'in<1> 


(each input) 


V CC - MAX, V in - 5.5V 






1 


mA 


; 'in(0i 


Logical level input 
current (eacn input) 


V CC - MAX. V in - 0.4V 






-1.6 


mA 




Short circuit output 


V cc - MAX, 




-20 


-55 


mA 


I 'OS 


current* 


V OUT=° 




-18 


-55 


mA 


I'cc 


Supply current 


V CC - MAX, V in - 4.5V 




40 


68 


mA 



• For conditions shown a* M!N or MAX, use the appropriate vd'utJ ipaci 
circuit type. 
•• AM typical valjes are at V C( - - -V, T A - 25 C. 
r Not more than ona output sno^lc ie $hc>*t*d at a t<me. 



iftad unoer rccommendod Operating conditions for the applicable 
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SWITCHING CHARACTERISTICS, V cc 


-EV. T A -2S°C 


N^ 10 










PARAMETER 


FROM 
(INPUT) 


TO ^ 
(OUTPUT) 


TF.ST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


l pa0 
Vdl 


A,B,orC(4 levels) 


Y 






20 


30 


ns 


A,B,orC(4luvels) 


Y 






35 


52 


ns 


'pdO 
Vd 1 


A.B.C.o'D(3 levels) 


W 






22 


33 


ns 


A.Q,C,ofD(3 levels) 
STROBE 


VY 
Y 






23 

19 


35 
30 


ns 
ns 


t^, 1 STROBE 
t pd0 STROBE 


Y 


C L *15pF, R L -400n 




35 


52 


ns 


W 






21 


30 


ns 


l pd1 
I 'pdO 


STR0EE 
D thru D 7 


W 
Y 






15.5 
It? 


24 

24 


ns 
ns 


'pd1 
'pdO 
l pd1 


Q th-u D 7 


Y 






19 


29 


ns 


E thruE 15 


W 






8.5 


14 


ns 


E tr.ru E 15 


w 






13 


20 


ns 



D COMPONENT DESCRIPTION 
P. 6 INTEGRATED CIRCUITS 



7^155, 7^156 



DESCRIPTION 

Tricse monolithic irpnsirtor-:r£n' : :,ic r -!cc:c (TTL) circuits feature 
auai 1 -line to 4-line dfiTiutTir ex rs ^'t:i individual sfobt-s and 

cj'nrpDn binary-admass .np.r.j m ? si^qi*: l'j-i : n package. When 
d:j*"» «.e~;ir,ns arc er.ibkd b-' tr.e s.rr >*, the common bintr-- 
3.'iL*.-;.-s3 *npu:s seo.uentij.Hy select c--.d »ou!'' esiociated input dat-s to 
th- appropriate output of oac^ sect -o\. The .ndiviouai strol*e? 
permit activating or inhibiting «acr, ot ih£ 4-bit sections as desired. 



Data applied to input 1 C is inverted at its outputs and data appliad 
at 2C is not inverted through -is ou:;jj\5. The inverter following tne 
1C d?ta input permits use us .1 J- 10 3-line decoder or 1- to 8-line 
demultiplexer without external <vs'it .cj. See typicai applications drta 
and tne truth tables for more details 



The S54155/N74155 circuits, with totem pole outputs, are rated to 
fan-out to 10 normalized Series 54/74 loads in th* iow-ievtl output 
state, a'-.d to 20 loads in the hinh-level output state. The 
S54".56/i^74156 circuits, with open-collector outpuxs are rated to 
tiriK 16 milhamperes at a low-level ouTput voltage of leis than 0.4 
vo't Input-damping diodes are provided on a'* of these circuits to 
minimise transmission-line effects and simplify system design. 



Typical power dissipation is 125 milliwatts. Typic-il average prop- 
cnat'on oeiay times are 16 nanoseconds thrcuqh 2 levels of logic and 
2" n.--n'5:.toOrids through 3 levels of locjic for the S34155/N74155. 



The $3*155 and £54156 are characterized fc ooeration over the 
ful' military temperatur e ranye of -55°C to 125 C the N7415S 
and N74'156are characterized for operation from 0°C to 70 6 C. 

PIN CONFIGURATION 



B.F.W PACKAGE 

muct ewnvru 



OIU(1<0« •" 



nnnnnr'nn 


— ! 1 -^-f 1 i A 


/ ; V » t*i r 


•' "• 


ri i r-\ ■ *"> • ■ 




^ ' \7 




' ' 'I 


n ; A: — =441 


U ■ -_; ■ • » ' 

£ — 1 X "' "" •" "• 


oar 7 9 <j 



LIUUGU 



LOGIC DIAGRAM 




???? 
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D- COMPONENT DESCRIPTION 
D.6 INTEGRATFr CIRCUITS 



7U155. 7U156 cont'd 

TRUTH TABLES 



TRUTH TABLES (H - Higli Level, L - Lov/ <..avsl, X - Irrelevant) 



2-LINE TO 4-LINE DECODER OR 1-LINE TO 4-LINE DEMULTIPLEXER 



INPUTS 




OUTPUTS 


INPUTS 


OUTPUTS 


SELECT 


STROBE 


DATA 


k 1Y0 


1Y1 1Y2 


1V3 


SELECT 


STROBE 


DATA 


2VO 


2Y1 2Y2 


2Y3J 
H 


B A 


1G 


1C 


B A 


2G 


2C 


X jX 


H 


X 


H 


H H 


H 


X X 


H 


X 


H 


H H 


L L 


L 


H 


L 


H H 


H 


L L 


L 


L 


L 


H H 


H 


L H 


L 


H 


H 


L H 


H 


L H 


L 


L 


H 


L H 


H 


H L 


L 


H 


H 


H L 


H 


H L 


L 


L 


H 


H L 


H 


H H 


L 


H 


H 


H H 


L 


H H 


L 


L 


H 


H H 


L. 


X X 


* 


L 


H 


H H 


H 


X X 


X 


H 


H 


H H 


H 



3-LINE TO 8-LINE DECODER TO 1-LINE TO S-LINE DEMULTIPLEXER 



INPUTS _j 


OUTPUTS 


SELECT 


STROBE 
OR DATA 


(0) 
2Y0 


(11 
2Y1 


(2) 
2Y2 


(3) (41 
2Y3 1Y0 


(5) 
1Y1 


(6) 
1Y2 


(7) 
1Y3 


C* 


B 


A 


Gi 


X 


X 


X 


H 


H 


H 


H 


H H 


H 


H 


H 


L 


L 


L 


L 


L 


H 


H 


H H 


H 


H 


H 


L 


L 


H 


L 


H 


L 


H 


H H 


H 


H 


H 


L 


H 


L 


L 


H 


H 


L 


H H 


H 


H 


H 


L 


H 


H 


L 


H 


H 


H 


L H 


H 


H 


H 


H 


L 


L 


L 


H 


H 


H 


H L 


H 


H 


H 


H 


L 


H 


L 


H 


H 


H 


H H 


L 


H 


H 


H 


H 


L 


L 


H 


H 


H 


H H 


H 


L 


H 


H 


H ' 


H 


L 


H 


H 


H 


H H 


H 


H 


L 



C - inputs 1C and 2C connected together 
*G - Inputs 1G and 2G connected together 



RECOMMENDED OPERATING CONDITIONS 



Supply Voltage V cc 

Normalized Fan-Out from each Output. N: High logic level 

Low logic level 
Operating Free-Air Temperatu-e Range, T A 


S5415S 


N74155 


UNIT 


MIN 


NOM 


MAX 


MIN 


NOM 


MAX 


4.5 
-55 


5 
25 


5.5 
20 
10 

125 


4.75 



5 
25 


5.25 
20 
10 
70 


V 

°c 


Supply Voltage V cc 
Low-level Output Current, lg L 

Operating Free-Air Temperature Range, T A 

' 


S54156 


N74156 


UNIT 


MIN 


NOM 


MAX 


MIN { NOM 


MAX 


4.5 

-55 




5 
25 


5.5 

16 

125 


4.75 5 
25 


5.25 
16 
70 


V 
mA 

-c 
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D COMPONENT DESCRIPTION 
D.6 INTEGRATED CIRCUITS 



7^155, 7^156 cont'd 

ELECTRICA! CHARACTERISTICS lover lecoinmandad operating Irae-air temperature rang* unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


S54155.N74155 
MIN . TYP** MAX 


UNIT 


V IH 


High-level input voltage 








2 




V 


V .L 


Low-level input voltage 










0.8 


V 


v OH 


High-level output voltage 


Vcc - WIN. 
I OH --805>A 


V|H'2V. 




2.4 




V 


V OL 


Low-level output voltage 


Vcc " M,N ' 
'OL* '6mA 


V, L -OJV, 


1 




0.4 


V 


<IH 


Hiph-isvel input currant 
(each input) 


V cc - MAX, 
Vqc - MAX, » 


V, - 2.4V 
V, - 5.5V 






40 

1 


MA 
mA 


! IL 


Low-level input currant 
(each input) 


V cc » MAX, 


V, -04V 






-1.6 


mA 


'OS 


Short-circuit output currant t 


Vcc 'MAX 




SS4155 
N74155 


-20 
-18 


-55 
-57 


mA 


'cc 


Supply currant 


Vcc " MAX 




S54155 
N74155 


25 
25 


35 
40 


mA 



ELECTRICAL CHARACTERISTICS (ovar recommended ooarating free-air tamparatura range unless 


otherwise noted) 






PARAMETER 


TEST CONDITIONS* 


S54156.N" 
MIN TYP* 


4156 

• MAX 


UNIT 


V|H 


High-level input voltage 






2 




V 


V IL 


Low-level input voltage 








0.8 


V 


'oh 


high-level output currant 


V cc - MIN, V, - 2V. 
V OH -5 5V 






250 


uA 


v OL 


Low-level output voltage 


V CC -MIN, V |L -0.8V, 
'OL"16rnA 






0.4 


V 




High-level input current 


V CC " MAX ' v l " 24v 






40 


uA 


'lH 


teach input) 


V cc - MAX, V, - 5.5V 






1 


mA 


■IL 


Low-level input current 
(each input) 


V cc - MAX, V, - 0.4V 






-1.6 


mA 


'cc 


Supply current 


V CC -MAX S54156 
N74156 




25 

25 


35 
40 


mA 



SWITCHING CHARACTERISTICS, V cc - 5V, T A - 25° C. N • 


10 
















PARAMETER*, 


FROM 
(INPUTI 


TO 
(OUTPUT) 


LEVELS 
OF LOGIC 


TEST 
CONDITIONS 


MIN 


S54155 

N 74 155 

TYP 


MAX 


MIN 


S54156 

N74156 

TYP 


MAX 


UNIT 


<FLH 


A.B.2C. 
1G,or2G 


Y 


2 






13 


20 




15 


23 


r» 


l FHL 


A.B.2C. 
1G,or2G 


Y 


2 


C L -15pF. 




18 


27 




20 


30 


ns 


*PLH 


A or B 


Y 


3 


B L * 4000 




21 


32 




23 


34 


ns 


*PHL 


A or B 


Y 


3 






21 


32 




23 


34 


ns 


l PLH 


1C 


Y 


3 


- 


, 


16 


.24 




18 


27 


ns 


'PHL 


1C 


Y 




3 

■ 






20 


30 




22 


33 


ns 



* F jr concitions shown a* MIN or MAX, uu the appropriate a>alu« specified undir racommanded operating conditions for th« applicable 
O'^vice typa. 
"•■ A!! typical values era at V^.q - 5V, T A - 25° C. 
t Not more than ona output should b« shortca at a time. 

*|tp. | j - propagation dalav tme, low- to-high-level output 
Tj.mi - piopsgation delay time, h-gh-io-iow-levai output 
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B.6 INTEGRATED CIRCUITS 
Tl+155, 7^156 cont'd 

TYPICAL APPLICATION DATA 

The S541S5. N7415E, SS41G6, or N 74153 mav bB fsed as a duci 
2-lir-e to 4-line decoder or a 1-line 10 4-iine demult'piexcr. These 
applications are identical except as foliowv 

When decoding, the 2-line code is applied to select inputs A and B. 
The 4-line output section (ivo, 1Y1. 1^2, 1Y3) is enabled by 
taxing strobe 1G low and input 1C h.qh. The other 4-line output 
sucion (2Y0, 2Y1, 2Y2. 2Yi) ,s enabled by taking both strobe 
2G and input 2C low. Note that the' separate enable lines permit the 
user complete flexibility in c'ecoomg ut either or octn of the out- 
put sections. The strobe also permits cascading and allows disabling 
of the circuits until the addressing trcr.sie.-ts have passed. 

When demultiplexing, the sensl data is applied to the data inputs 
10 and BC and distribution tc the outputs is conn oiled bv the A 
and B select inputs. Again, tre reparate strobe Inputs, 1G and 2G, 
permit demultiplexing to occur at either or both output sections, 
and casi 



seeding. 



Any of these circuits may also be used as a 3-line to 8-line decoder 
or a 1-line to" 6-line demultiplexer. 

When used as a decoder, data inputs 1C ard 2C are connected to- 
gether and serve as the third (C) select line. The strobes are also 
connected together and are used for enabling and/or cascading. 

When used es a demultiplexer, the common strobe line serves as 
the data input. 



DUAL 2-LINE TO 4-LINE OECOOER/1- 
TO <-LINE DEMULTIPLEXER 

S64155, N74155, SS41S6. N74156 



rr»m mm 




INAMX1MTA 



MXMUM1UCI 



3-LINE TO 8-LINE DECOOER/1- 
TO 8-LINE DEMULTIPLEXER 

S541E5. N74155, S54156, N741S6 

MrTiivim iv»ivi imo 




«o*ai«i«T 



7U157 



DESCRIPTION 

The SK1S7/N74157 and S54158/N74158 are identical with the 
exception of the SW158/N74158 being inverted. These devices are 
log-cal implementations of a four-pole two-position switch, with 
the position of tne switch being set bv the logic levels suoplied to 
the one se:ect input. Both assertion and negation outputs are 
provided T he enable input IE) is active low. When it is not acti- 
vated thi negation output is high and the assertion output is low 
regardless of all ot ner 'nputs. The devices provide the ability, in one 
packag?. to seiect tour bits of either da:a or control from two 
sources. 9y prope r manipulation of the inputs, it can generate four 
function? of two variables with one variable common. Thus any 
numbe' of ra'.dom topic elements used to generate unusual truth 
tab'ef can be repljcsd. 411 outputs ire low when disabled (enable 
highl. ooth inputs and outputs are buffered. 



PIN CONFIGURATION 





r 


B.F.W PACKAGE 


1 






n 


n n n n n n r 








i 1 1 1 1 1 












6 M m 4r W B 

» w 






1 1 1 1 1 -1 






Tjuuuuu u u 

I 1 I 4 t « 1 • 





S54/N74157 
TRUTH TABLE 



S54/N74158 



INPUTS 


OUTPUT 
V 


SI ROBE 


SELECT 


A 


B 


. H 


X 


X 


X 


L 


L 


L 


L 


X 


L 


L 


L 


H 


X 


H 


L 


H 


X 


L 


L 


L 


H 


X 


H_ 


H 





TRUTH 


TABLE 






INPUTS 


OUTPUT 
Y 


STROBE 


SELECT 


A 


B 


H 


X 


X 


X 


H' 


L 


L 


L 


X 


H 


L 


L 


H 


X 


L 


L 


H 


X 


L 


H 


L 


H 


X 


H 


L 
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D COMPONENT DESCRIPTION 
D.6 INTEGRATED CIRCUITS 



7^157 cont'd 



LOGIC DIAGRAM 
S54/N74157 





SELECT 0^^^0-»-{^»- 

mei h^ 

S1BOBE O Cl^ 





LOGIC DIAGRAM 
SS4/N74158 





SELECT t>^^O-i-^>0- 

(16' fc^ 

STHOSE O q^J 



^^^"^ 




RECOMMENDED OPERATING CONDITIONS 



Supply Voltage V^q 

Normalized Fan-Out from each Output, N 
High Logic Level 
Low Logic Level 

Operating Free-Air Temperature, T« 







S541 57/56 


N 741 57/58 


UNIT 




MIN 


NOM 


MAX 


MIN 


NOM 


MAX 




4.5 
-55 


5 
25 


5.5 

20 

10 

125 


4.75 



5 
25 


5.25 

20 

10 
70 


V 

°c 



ELECTRICAL CHARACTERISTICS (over operating free-air temperature range unless otherwise noted) 



PARAMETER 



V|n High-le\,ei?nput voltage 

V|l Low-level input voltage 

V| Input clamp voltage 

v OH High-level output voltage 

Vqi_ Low-level output voltage 

Input current at maximum 

' input voltage 

l|H High-level input current 

IrL Low-level input current 

. Short-circuit output 

^S current* 

'CC Supply current 



TEST CONDITIONS* 



V CC =. MAX. 
V CC -MIN. 
V| L = 0.8V. 
V cc = MIN, 
V| L -0.8V,. 

V CC = MAX, 

Vrc - MAX, 
V CC " MAX, 

-/ C - = MAX 

V CC = MAX 



l|»-12mA 
V|H"2V. 

'oh • -aoouA 
V|H ~ sv, 
'OL = 16mA 
V| - 5.5V 



V,. 
V,. 



2.4V 
04V 



S54 157/58 



2.4 



-20 



TYP*' 



30 



MAX 



0.8 
-1.5 



0.4 

1 

40 
-1.6 

-55 

43 



N 74 157/58 



MIN 



2.4 



-18 



MAX 



0.8 
-1.5 



0.4 

1 

40 
-1.6 

-55 

J3 



SWITCHING CHARACTERISTICS, V, 



CC 



■ 5V, T A - 25 J C, N ' 10 



PARAMETER 



l PHL 
"•PLH 
«PHL 
'PLH 
«PHL 
'PLH 



FROM 



Data 

Data 

Enable 

Enable 

Select 

Select 



TO 



FEST CONDITIONS 



Output 
Output 
Any Output 
Any Output 
An v - Output 
Anv Output 



C L - 15pF 



R L -400 



MIN 



TYP 



9 
9 
14 
13 
18 
15 



MAX 



14 
14 
21 
20 
2/ 
23 



V 
V 
V 

V 

V 

mA 

uA 
rnA 

TiA 



UNIT 



• For conditions shown a. MIN or MAX, us. the approp-iat. ulu. „ecifi,d under recommended derating cond.t.ons tor the applicable 
device tvoe. 
•• All typical values are at V cc -» 5V, T A - 25* C. 
T Not more than one output should be shorted at a time. 
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D.6 INTEGRATED CIRCUITS 



TM63 



DESCRIPTION 

ThF.se synchronous, presettable counters feat-re en internal carry 
look-ahead for application in high-speed counting schemes. The 
SSAIBO, SS4162, N74160, and N74162 ere Geciclt' counters and the 
S54161, S54163, N74161. and N741G? are 4-bit oinary counters. 
Synchronous operation is provided by having ill tlip-!lcps clocked 
simultaneously so that tht cutouts change coincident with each 
o:hir when so instructed by the count-enabie itipuw end internal 
gating. This mode of operation eliminate* tie output counting 
spi"..es which are ro-mjUy associated »vi".h js^niironous (ripple 
cock: counters. A bufferca clock input tngqeri tho four J-K master- 
slave fli^-fiops on the rising (positive-going! edye of the clock input 
waveform. 



All inputs are diode-clamn«j to minii-iize transmission-line effects, 
thereby simplifying system aesign. A full tan-out to 'en norma'. zed 
Series 54/74 loads i^ available f-om eacli c< fnu output! in the iow- 
level state. A tan-out to 20 normalized Series 54/74 loads is provided 
in the high-level state to facilitate connection of unused nputs 
and power dissipation is typically 325 milliwatts. 



PIN CONFIGURATION 



B.F.W PACKAGE 

oumiti 

f 1 _, 

.„ SKA •» a. oe •> "V" "»» 

nnnn nnnn 



trn u Li u u u u 



LOGIC DIAGRAM 



S541607N74160 SYNCHRONOUS DECADE COUNTERS 

(S54162/N74162 synchronous d"cade counters are similar; however 
the clear is synchronous as shown tor the S54163/N74163 binary 
counters). 




S54163/N74163 SYNCHRONOUS BINARY COUNTERS 

S54161/N74161 synchronous binary counters are similar, however 
the clear is asynchronous as shown for the S54160/N7416O decade 
counters). 
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D.6 INTEGRATED CIRCUITS 
7^163 cont'd 

RECOMMENDED OPERATING CONDITIONS, 





High logic level 


sc 

L £■ 

MI1M 


4160, SS4161 
4162. SS4163 


N74160, N74161 
N7416Z. N74163 


UNIT 




UCM 1 MAX 


MIN 




NOM j MAX 


iuop'y Voltage V cc 

TvCfrnjiized Fan-Out from each Output, N: 


4.5 


5 


5,5 
20 


4.75 




5 


5.25 
20 


V 




Lovw logic level 






10 








10 




input Clock Frequency, fgi,,^ 
A.dt't of Clock Pulse, t w(clock) 
V.'.'jtn of Clear Pulse ,t w(cle , r) 
Setup Time, t setup : Data Inputs, A.B.C 
Enab'e P 






25 

20 
15 
20 




25 




25 
20 
15 
20 






25 


MHz 
"1 


Lead 




15 






15 








nt 


Clear 




20 






20 










Hold Time at any !r:pur, t n |^ 
Operattr.g F-.;e-Air T emperature, T^ 





-55 


25 


125 








25 


70 


°C 



ELECTRICAL CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise specified} 











SW100.S54161 


N74160.N74161 


1 




PARAMETER 


TEST CONDITIONS* 


S^l62,Sr.^ 


163 


N74162.N74163 


1 










MIN TYP" 


MAX 


MIN 


TYP" 


MAX 


UNIT ! 


V| H 


High-level input voltage 


" 




2 






2 






V 


V !L 


Low-level input voltage 


V CC - MAX, 








0.8 






0.8 


V 


V| 


Input ciamp voltage 


V cc - MAX, 


li » -12mA 






-1.5 






-1.5 


V 


VOH 


High-level output voltage 


V CC - MIN, 
V| L -0.8V, 


V|h-2V, 

ioh - -sooma 


2.4 






2.4 






. V 


vol 


Low-level output voltage 


Vcc ' MIN . 

V| L -0.8V, 


V| H - 2V, 
'OL * 16mA 






0.4 






0.4 


V 


h 


input voltage 


V CC - MAX, 


V, - 5.5V 






1 






1 


mA 




High-level Clock r >r er able T 










80 






80 




l|H 


input current Otner inputs 
Low-level Clock or enable T 


V CC - MAX, 


V| - 2.4V 






40 
-3.2 






40 
-3.2 


uA 


IlL 


input current G*rer inputs 


V CC - MAX. 


V| - 0.4V 






-1.6 






-1.6 


mA 


"OS 


Short-circu:t out^'jT current* 


Vcc 'MAX 




-20 




-57 


-18 




-57 


mA 




Supply current. «!i outputs high 


Vcc " MAX . 


See Not* 3 




59 


85 




59 


94 


mA 


'CCL 


Supply current, a 1 : outputs iow 


V c c - MAX, 


See Note 4 




63 


91 




63 


101 


mA 



SWITCHING CHARACTERISTICS, Vcc - SV, T A • 25°C, N - 10 



PARAMETER 



l PLH 



'PHL 



'PLH 



'PHL 



'PHL 



'PHL 



Maximum input clock frequency 

Propagation delay time, low-to-high-level 

carry output from clock 

Propagation delay time, high-to-low-level 

carry output from clock 

Propagation delay time, low-to-high-level 

Q output from clock 

Propagation delay time, high-to-low-level 

Q output from clock 

Propagation delay time, low-to-high-level 

carry output from enable T 

Propagation delay time, high-to-low-level 

carry output from enable T 

Propagation delay time, high-to-low-level 

Q output from clear 



TEST CONDITIONS 



C L - 15pF, R L = 400O 



32 
23 

23 

13 

15 



10 



20 



35 



35 



23 



13 



15 



30 



UNIT 



MHz 



For condition! mown at MIN or MAX, ,um th« appropriate value specified under recommended operating conditions for the applicable 
device type. 
" All Ty-pxal values are at V cc * 5V, T A - 25°C. 
t K'u: mora than one cutput should be shorted at a time. 

NOTES: 

3 - 'CCH '* rMil "«° """> ,he ll,?d inpurhigh, then again with the load input low, with all other inputs high and all outputs open. 

4 - 'cCL ! * maasurio Ann the clock input high, men aa.in with tne clock input low. with all other inputs low and all outputs open. 
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D COMPONENT DESCRIPTION 
D.6 INTEGRATED CIRCUITS 



7U163 cont'd. ' 

TYPICAL CLtAR, PRESET. COUNT, AND INHIBIT SEQUENCES FOR 54161, 7416t. 541G3, 74163 SYNCHRONOUS BINARY COUNTERS 



iilutfatnd below is the following sequence: 
I.J Clear outputs to zero. 
l.\ Preset to binary twelve. 

>. Count to thirteen, fourteen, fifteen, zero, one, and two. 
I. inhibit. 



a.t*m uetwixMHti 



CLUM 4WW1.NM-«U 



itx-rncnmnmi-jti 



T4T 



isvmnoqmoubi 



i_r 



i»uwun 



CUnHMMVHNMII 



CLKKiu^n^MWi 



-TXJn-TLXLJXJaJlJlJTJIJlJ^^ 

Tj-LruarLJxriJTiiJiJi^^ 




TYPICAL CLEAR, PRESET, COUNT, AND INHIBIT SEQUENCES FOR 54160, 54162, 74160, 74162 SYNCHRONOUS BINARY COUNTERS 



Illustrated below it the following sequence: 

1. C'ear outputs to zero. 

2. Preset to BCD seven. 

3. Count to eight, nine, zero, one, two, and three. 

4. inhibit. 



IS^ 



f'-T 

'_r 



~TTjijnjn_ruxnj-UT_riJTJ 
i_fT n-pJijnjnjijn_rLrLnj 






u i 




1 r f 
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D COMPONENT DESCRIPTION 
D.6 INTEGRATED CIRCUITS 



7^163 cont'd 

PARAMETER MEASUREMENT INFORMATION 




A. The input puise. ar. supplied by . generator having the following cherecteri.t.ct: t r < 10n,; t, < 10nt PRR « 1 MHt. duty cycle < 50* 

2 OIJt * 5011. Vary P fl R to muw™ I ' 



B Outputs Q n and carry are tested at t n . , for the SS.f.160. S54162. N74160. end N 74 162. 
and N74163, where t n is tne bi; time whan all outputs are low. 



end ett n+16 tor the S5416 1. S64163, N74161. 




A. The input pulse, ere supplied bv e oenerMor hev.nj the foilo.vir.o cferacieristics: t r < 10ns, t, «J 10n«,PRR < 1 MHi, duty cycle <S 50%;' 
*out ^ SOW. [ 

8. Enable P end enac-ie T setup times ere measured at t ■ O. 
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D COMPONENT DESCRIPTION 
D.6 INTEGRATED CIRCUITS 



7la63 cont'd 

TYPICAL APPLICATIONS 



I I I 



I 



LOAD A Y C 
C|P 

s MtUStfllES _ 

lT COUHTER * 

CLOCK 
clear Q»tn Qc C D 

INI 



C 74 W SERIES -, 

(T COUNTER ™ 

CLOCK 

T I I I I 



iT COUNTER "' 

CLOCK 

Q A Q, Og Qp 



"TTT 



i_L 



C-. MlWStBltS 

clock 

ClEAB Q> 



°* °e Qc % 

7TTT 



i I I I I 



LOAO A • C 

c t , 

^' COUNTER ™ 
CLOCK 

CLEAR °A Os Gc Of, 

"1 



TT 



1 TO MORE 

) bONl'ICAMT 

r-Acu 



MULTISTAGE SYNCHRONOUS COUNTER EXPANSION 



MUST IE f— 

HISH< 

TO COUNT V— 



i I I 1 I 



LOAD A * C a 
C EP 

C„ "HO SERIES „. 

tT COUNTER W 
CLOCK 

CLEAR Qa Q fl °C Cv, 

"7 ' 



TT 



■AIM 



' L CT 



CLOCK 

CLC4H °a Or C^ Q 

Mill 



Tj 



j MM 



TT 



i--J I I I 



TT 



1 I I ' 



TO MORE 

M if, CANT 
- ) STAGES 

(UP TO SEVEN 
TOTAU 



HIGH SPEED MULTISTAGE SYNCHRONOUS COUNTER EXPANSION 



WOQRAWlMTWneoWPLiMiWT 



MUST IE / 

HIGH J 

TO CCUWT \, 



DECADE COUNT l 
CLOCK 

eiEArt °a °a Qc °t 

TTI — 



JAR °»"tQc °Q 



r mi«om«2 n: 

et decade counter 

Clock 

cuiR Q*o« Cc Op 



TT 



C ET 7«'«.'1« B ( 

DECAO* COLMITEA 
CLOCK 
£LEAj °A °M ° C 0© 



T-TT 



i°>°t% 



Villi 



-£>> 



MULTISTAGE SYNCHRONOUS PROGRAMMABLE DECADE COUNTER 



MUST BE (-— C [P 
T0COUN- lr -- 



LOAD A i C 



■INARVCOtj^i 
C-i CLOCK 

[clear '** °s p c; 

TT 



-H 



■v COU^ 
°e Qc ' 



Villi 



MoaR*MWITH II COMPLEMENT 




MULTISTAGE SYNCHRONOUS PROGRAMMABLE BINARY COUNTER 
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D-6 INTEGRATED CIRCUITS 



7U166 

DESCRIPTION 

Those 8-bit shift registers ure compatible with most other TTL, 
DT'_. and MSI logic families All inputs are buffered to lower tha 
drive reauirerrwms to on* noimahzed Series 54/74 load, and input 
clamping diodes minimus switching transients to simplify system 
design. Maximum input dork frequency is typically 35 megahertz 
and power dissipation is typically 360 mW. 

All Series 54 devices are characterized for operation over the full 
military -emperature range of -55°C to 125°C. Series 74 devices 
are characterized for operation from 0°C to 70°C. 
Thi'M parallel-in or seriai-m, stria'-out shift registers have • com- 
plexity of 77 ecui-aipr t gates on a monolithic chip. They feature 
gated clock inp.its and an overriding clear input. The parallel-In 
or serial-in mofle-s nre estobhsheo by the shift/load input When 
nigh, this inoul enables the serial data input and couples the eight 
flio-flops for serial shifting with each clock pulse. When low, the 
parallel (broadside! data inputs are enabled and synchronous loading 
occurs on the next clock pulse. During parallel loading, serial data 
flow is inhibited. Clocking is accomplished on the low-to-high-level 
edge of the clock pulse through a two-input positive NOR gate 
permitting one input to be used as a clock-enable or clock-inhibit 
function. Holding either of the clock inputs high inhibits clocking; 
holding either low enables tne other clock input. This, of count*, 
allows the system deck to be free-running and the register can be 
stooped on command with the gate input. The clock-inhibit input 
should be changed to the high level only while the clock input it 
high. A buffered, direct clear input overrides all other input!, 
including the clock and sea all flip-flops to zero. Average power 
dissipation per gate is typically 4.7 mW. 

LOGIC DIAGRAM 



PIN CONFIGURATIONS 



B,F,W PACKAGE 



nnnnnnnn 



a f ■ 



UUULILILJLIU 



PMALLtL MAI 




RECCVMENOEO OPERATING CONDITIONS 





S54166 


N74166 


UNIT 
















Supply Voltage Vqq 


M!N 


NOM 


MAX 


MIN 


NOM 


MAX 




4.5 


5 


5.5 


4.75 


5 


5 25 


V 


Normalized Fan-Out from each Output, N: High logic leva. 






20 






20 




Low logic level 






10 






10 




Input Count Frequency, f count 







25 







25 


MHz 


Width of Clock or Clear Pulse, t,. 


20 






20 






ns 


Viode-Control Setup Time, t^up 


30 






30 






ns 


Data Setup Time, t setup 


20 






20 






ns 


Hold Time at any Input, t no |j 
















n» 


Operating Free-Air Temperature, T A 


-55 


25 


125 





25 


70 


°C 
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D.6 INTEGRATED CIRCUITS 



TUl66 cont'd 

fcLfcCTHIC*;. CHARACTERISTICS (oyer recommended operating freo-air temperature range unless otherwise noted) 



PARAMETER 



V)^| High-level input voltage 
V|[_ Low-level input voltage 
V| Input clamp voltage 

v OH High-level outout "Oltage 

Vq l Low-level output voltage 

lj Input current at maximum 

input voltage 

l(H High-level input current 

l|l_ Low-levei input current 

'OS Short-circuit output 
current* 

*CC Supply current 



TEST CONDITIONS' 



V CC" MAX - l| « -12mA 
V CC -MIN. V, H - 2V. 
V'l L -0.8V. l OH =-800uA 



"CC 



- MINI. 



V 



IH 



= 2V, 



V |L = 0.8V, l 0L -15mA 

V cc - MAX, V, = 5.5V 



"CC 
y CC" 



»CC 



■ MAX, 



'MAX 



"2.4V 
= 0.4V 



V cc = MAX. Table Balow 



S54166 



tvp: 



72 



MAX 



0.8 
-1.5 



0.4 

1 

40 
-1.6 

-57 

104 



N74166 



2.4 



-18 



typ; 



72 



MAX 



0.8 
-1.5 



0.4 



40 
-1.6 

-5 7 

116 



uA 
mA 

mA 

mA 



SWITCHING CHARACTERISTICS, V cc ' 5V. T A - 2S°C, N « 10 



PARAMETER 



*max Maximum input count frequency 

Propagation celay time, high-to- 
r4 L low-level output from clear 

Propagation delay ti.r.e, high-to- 
PHL low-level output from clock 



l PLH 



Propagation delay tiine, low-to- 
high-level output from clock 



TEST CONDITIONS 



15pF, 



1 4con 



25 



TYP 



35 
23 

20 



MAX 



35 
30 
26 



UiMIT 



MHz 
ns 

ns 



• For condition shown as MIN or MAX. use the appropriate value .pacified under recommended operating conditions for the applicable 
device type. 
*" All typ'cal values are at V-^. » 5V, T- ■■ 25° C. 
T Not more than ons output should ba shorted at a time. 

TCST CONDITIONS FOR 1&. (all outputs are open) 



TYPE 


APPLY 4.5V 


FIRST GROUND. 
THEN APPLY 4.5V 


GROUND 


S54166. N74166 


Serial Input 


Clock 


All other inputs 



description 

These monolithic, positive-edge-triggered flip-flops utilize 
TTL circii'try to implement D-'.ype flip-flop logic. The 
54/"'4T74 has a direct clear input. 



PIN CONFIGURATION (Top View! 



Information at the inputs meeting the setup time reouire- 
merits is transferred to thj Q outputs on the positive-going 
edge of the clock pulse. Clock triggering occurs at a par- 
ticular voltage lev*l and is not directly related to the tran- 
sition time cf the posit iue-.joing pulse. Whon the clock input 
n at cither the high or lew '&vel, the D inp^t signal has no 
*ff jet at the output 



These circuits are fully corruptible for use wi'.h ,-nos: TTL 
or DTL circuits. A full fancjt to 10 norrr?l.ied Series 
S4.74 loads is available from each output at icy; logic 
urge's, and to 20 loads at high loijlc levels to facilitate con- 
nection of unused inputs to jssa inputs. Ma<:m'jrn ao'K 
: >>iuJi?r,cY is typically 35 Mhz '.vith a t.-pic.-'i ^-c.vr.- ri.v 
< p«iion of 38 milliwatts per flio-fiop. 



[T-c£>o- 







CK J 



^<H 



Inj.L- 



|J ' Sir< K 



- 1 



T*t S54174 characterized for operation over the full mili- 
tary temperature range of -55 : C tc I25°C. The N74174 >s 
th-vacterized for operation fro n 0"C to J'O'O 



Posittva loflic: see function table 
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D . 6 INTEGRATED CIRCUITS 



T^rr 1 * cont'd 

FUNCTION TABLE (Each Flip-Flop) 





INPUTS 




OUTPUTS ! J 


''•?! 


Clock 


D 


Q 


H 

L 


high level (steady statel 
low level (steady state) 


L 


X 


X 


H 


4 


* 


H 


H 


X 


irrelevant 


4 


T 


L 


L 


* 


transition from low to h.gh level 


H 


L 


X 


°0 


Q n 


the level of Q before the indicated steady 










state input conditions weie established. 



FUNCTIONAL BLOCK DIAGRAM 



10 


za 30 
9 o 


40 SO 
p 


SO 

9 






I- 




T- 




l™ 






jllBI 




| nzi 






1' 


1EI 




























a 






Q 








CLEAR 


0— | 




CLEAR 
CK 

D A 


O-i 




CLEAR 
CK 
O A 


1 
I 





CLEAR 
CK 


a- 




CLEAR 
CK 

° A 


>- 







CLEAR 
CK 
A 


0- 








13. 


f — 






,.. < 


? 






* ? 




(1 


i Y 






<3> 9 






111) 


9 












L __L 


tr - !-.: 




























1 


i< 


, 


A 

10 


i o o 

20 30 «0 


4 4 

SO 60 


4 i 

CLOCK CLEAR 


"^^^ . . . dynami 


c input activated by transition from a high level to a 


low i*v«l. 






— 















RECOMMENDED OPERATING CONDITIONS 



PARAMETER 




S54174 


N74174 


UNIT j 


MIN 1 NOM 


MAX 


MIN 


NOM 


MAX 


Supply voitaqe, Vcc 


4.5 


5 


5.5 


4.75 


5 


5.25 


V 


Normalized fan-out from each output, N 


high logic level 






20 






20 




lov.' logic level 






10 




n_^ 


10 


Input clock frequency, 'clock 







25 







25 


MHz 


Wid*n of clock or clear puise, t w (see Figure 1 


20 






20 






ns 


Setup time, t se tuo ( see Figure 1 1 


data input 


20 






20 






ns 
ns 


clear inactive stale 


25 






25 






Data hold lime, t no id (see Figure 1) 
















ns 


Operating free-ait lempeiature, Ta 




- 55 




125 







70 


"C "i 

— , 



ELECTRICAL CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise notedl 



1 PARAMETER 


TESTCONDITIONS + 


MIN 


TYPi 


MAX 


UNIT 


1 V| H 


Hiqh-level input voltage 




2 






V 


i V,i 


Low-level input voltage 








0.8 


V 


i V| 


Input clamp voltage 


VCC = M'N, 


l| = -12mA 






-1.5 


V 


j V H 


High-level output voltage 


V C C = MliM, 
V|L = 0.8V. 


V| H = 2V, 
lOH = -800pA 


2.4 






V 


! vol 


Low-level output voltage 


Vcc = MIN, 
V| L = 0.8V, 


V, H = 2V, 
)OL = 16 mA 






0.4 


V | 

I 


i 'i 


Input current at maximum input voltage 


Vcc : - MAX 


V| = 5.5V 






1 


mA j 


i ti'-i 


Hiqh-leve! input current 


V C C - ^AX. 


V| - 2 4V 






40 


pA 


! I-L 


Low-level input current 


V C C = r "'AX, 


V| = 0.4V 




1 • -1-6 


mA 


! ' " 


Shoit circuit output current*; 


V CC ~ V:AX 


1 SN54 174 SN54175 


- 20 


: - 57 


mA 


1 'OS 


! SM74174.SN74175 


- 13 


- 57 




i Supply current 


Vr.C = MAX. 
See Note 1 


j SM54174.SN74174 




45 


j 65 


mA 


! 'c.c 


| SN54175.SN74175 




30 


I « 



: Fct cor.dii.or.s tf.aw" as MIN or MAX. use the appropriate value specified under recommended operating conditions *or the applicable dev.ce 

tVP» 

t JMI >ypica' valuer are *t V^q = 5V, T/\ - 25 C. 
; Not more than one Output shouio he vhorted at a time. 

NOTfe. T With all outputs open and 4 5V applied to all data and dear inputs, i cc is measured alter a momentary ground, then 4.5V Js appMed 
to clock. 



SWITCHING CHARACTERISTICS, V'cc = 5 V. T A = 25° C, N = 10 



PARAMETER 



TEST CONDITIONS 



Maxim:.! 



input clock frequency 



tp|_||_ Propagation delay time, high to low-leve! output from c'ea- t 



C L = 15 pF. 
Ri = 4001? 



tpLH Propagation delay time, low-to-high-level output from clock j ^ Fj s , and 2 



'PHL Propagation tie'.ay time, high-to-low-le-e 1 output from clock 



MiN 



26 



TYP 



.'3 



20 



:?i 



MAX 



30 



30 



UNIT 

"mhT 
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TH17U cont'd 

PARAMETER MEASUREMENT INFORMATION 



SWITCHING CHARACTERISTICS 




"\. 



s- 



FIGURE 1 

NOTE: The input pulsus are supplied by a generator having the following characteristics: 

t -tlO ns, tf -410 ns, PRH *1 MHz, duty cycle <50%, 2 «= 50H. Vs'y PRR to 

measure measure * m9X - 



LOAD CIRCUIT FOR 
SWITCHING TESTS 




FIGURE 2 

NOTES A. C L includes probe and jig 
capacitance. 
B. All diodes are 1N3064. 



8096, 8097, 8098 



general description 

Each of the devices described herein are used to 
convert standard TTL or OTL outputs to TRI- 
STATE outputs. The DM7095/DM8095 and the 
DM7097/OV8097 do so with no login inversion; the 
DM7096/O.V18096 and DM7098/DM8098 provide 
the lorical opposite of the input shnal. The 
DM70957DM8095 and DM7096/DM8096 control 
all six devices from common inputs; the 
DM7097/DM8097 and DM7098/DM809H control 



four devices nom one input and two from another 
input. 

features 

■ Maximum package utilization 
• Typical power dissipation 

DM7095/DM8U95, DM7097/DM8097 325 mW 
DM7096/DM8036 DM7098/DM8098 295 mW 

■ Typical propagafon delay 15 ns 



COnneCtiOn diagrams (Dja! InLin* and Flat Packages) 



DM7095/DM8095 

IM. BUT, »», OUT, 




DM70967 DMB096 

•n, t*. bui* *. on' 




DM7097/DMB097 

M, W,' >UT, l«* OtT, >*. WT, 




DM7098/OM8098 

m, uut, n, . Oji, m. 




truth tables 



DM7095/OM8095 



DISABLE 

ras. 


INPUT 
OIS 2 


INPUT 


OUTPUT j 


.1 





■) 





a 





1 







1 


X 


111 


i 





X 


H 1 


1 


1 


X 


H 1 



DM7096/DM8UO6 



DISABLE 


INPUT 


I ' 

INPUT ! OUTPUT 


CIS, 


01 S j 


[ 








c 


1 








1 








1 


X 


H-! 


1 





X 


Hi 


1 


1 


X 


Hi 



OM7097/DM8097 



DISABLE | INPUT 
0IS 4 | OlSj 


INPUT 


... . ....... ^ 

OUTPUT i 


. 

x 1 t 
, | x 



1 

X 
X 


V 

u V 



"Output 1-4 only 



DM7098/OM8O98 



DISABLE 

OIS, 


INPUT 
DISj 


INPUT 


OUTPUT 











1 








1 





X 


1 


X 


Hi* 


1 


X 


" 


hi" 



D-183 



D COMPONENT DESCRIPTION 
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8096, 8097, 8098 cont'd 



absolute maximum ratings {Note u operating conditions 

MIN MAX 

Supply Voltage 

Input Voltage 

Output Voltage 

Storage Temperature Range 

Lead Temperature (Soldering. 10 sect 

Time that 2 bus-connected devices may 

low-impedance states simultaneously 



7V 
5.5V 


Supply Voltage (Vcc) 
DM7095/6/7/8 


4.5 


5.5 


5.5V 


DM8095/6/7/8 


4.75 


5.25 


-6S°Cto+150'C 

300' C 

f be in opposite 

Indefinite 


Temperature (Ta) 
DM7095/6/7/8 
DM8095/6/7/8 


-55 



+125 
70 



UNITS 



°c 



electrical characteristics (Note 2) 



PARAMETER 



CONDITIONS 



TYP 



UNITS 



Logical "1" Input Voltage 
Logical "0" Input Voitarje 

Logical "1" Output Voltage 
Logical "0" Output Voltage 
Third State Input Current 
Third State Output Current 
Logical "1" Input Current 

Logical "0" Input Current 

Output Short Circuit Current 
(Note 3) 

Supply Current 
leach device) 



DM7095/6/7/8 
DM8095/6/7/8 



DM 8095/7 
DM 7096/8 
DM8096 '8 



DM8095.7 
DM7096/ 8 
DM 8096/8 

DM7095/7 
DM8095-7 
DM709 6'8 
DM8096/8 



Input Clamp Voltage 

Propagation Delay to a 
Logical "0" from Data 
Input to Output. t Dd0 

Propagation Delay to a 
Logical "1" from Data 
Input to Output, t p01 

Delay from Disable Input to High 
Impedance State (from Logical "1" 
Levelh t lr . 

Delay from Disable Input to High 
Impedance State (from Logical "0" 
Level I. t 0H 

Delay from Disable Input to Logical "1" 
Level (from Hiqh Impedance State), t M i 

Delay from Disable Input to Logical "0" 
Level (dorr High Impedance State!, t H0 



Vcc- 
Vcc' 

Vcc' 



■25"C 



Min T, 

Mm 

l - -2.0 mA 
ivi n , , _ 

lo » -5.2 mA 



V c c ■ M ' n 'o * 32 mA 



■Max 
■Max 
■Max 



V| N - 0.5V 
DIS-2.0V 

V = 2.4V 
V - 0.4V 

V,n ' 2 -«V 
V,n ■ 5.5V 



Vin - 0.4V 
DIS = 0.4V 



V cc = M « 

V cc = Max V - 0V 



-12 mA 



V cc ' 5.0V 
T» - 25'C 



V cc * 5.0V 
T A - 25'C 



V cc - 5.0V 
T* - 25'C 

V cc - 5.0V 
Ta = 25°C 



= 5.0V 
25°C 

' 5 0V 
■■ 25"C 



2.0 



2.4 



-80 

65 
59 



10 

10 



0.8 



-40 

40 
-40 

40 
1 

-1.6 

-115 

B5 
77 
-1.5 
22 

16 
16 



37 



uA 

uA 
MA 
MA 
mA 



Nota 1: 'ApfQijI ■ Maximum Ratings are those values beyond v"tich The safety of the device cannot be guaranteed. Except 

for "Oner?:. no T e-'3eraiure Ra"ce" »r.tv are not meant to imply It»: *'''■ I'vices should be operated at these limits. The table 

of "Electrioi Characteristics' urov.des conations toi aclua' device "p.ra'O'i 

Note 2 1 Unless otherwise sp*cl s-a imnrmax 'imns .IPP'v across the - Ts5 C lo J 12b C Temperature range tor the 

DM709o'6'7/8 and acrosi she 0' C to 70 C range for the DM8095-6. )'o All typical, art a.vin for Vcc " 5.0V and Ta - 

25 C. 

Note 3: Only one output at a nme should be shorted 
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D COMPONENT DESCRIPTION 
I D.6 INTEGRATED CIRCUITS 



8123 
general description 



The DM7123/DM8123 consists of four 2-input 
multiplexers with common input select logic and 
common output disable circuitry. It allows two 
groups of four bit; each to be multiplexed to four 
parallel outputs. When the Enable input is at the 
logical "0" level the outputs are conventional TTL. 
However, when a logical "1" is applied, the outputs 
assume a high-impedance state. Both upper and 
lower output transistors 3re turned off and the 
• resulting condition allows rminy devices to be 
connected to a common bus line without loading 
down or being loaded down by other devices on 
the line. 



The DM7123/DM8123 is pin compatible and func- 
tionally compatible with the FSC 9322 and the 
SN54157/SN74157 except for the TRI-STATE 
capability. 

features 

» Typically 1 ns from data to output 

■ Power dissipation 200 mW typ 

■ TRI-STATE outputs 

■ Pin compatible with FSC 9322 and SN54157/ 
SN74157 

■ Diode clamped inputs 




connection diagram 

DtuMn-Lin* and Flit Pickag* 

»cc »>he i* i.c It i„ i. z, 

I" I" I" I" l'» I" In li 



truth table 



I' I 2 I' J' I' I' I' [' 

HUT I. I» i h i I,. i, gi,, 



ENABLE 


SELECT 


INPUT 
lo 11 


Output 


1 


X 


X X 


H.-ZSlatt 





1 


X 








1 


X 1 


t 








X 











1 X 


1 
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D COMPONENT DESCRIPTION 
D.6 INTEGRATED CIRCUITS 



8123 cont'd 



absolute maximum ratings (Note 11 



Supply Voltage 

Input Voltage 

Output Voltage 

Operating Temperature Range 

DM7123 
DM8t23 

Storage Temperature Range 

Lead Temperature (Sc'denng, lO.sec) 



7V 
5 5V 
5.5V 

-S5°Cto125°C 

O'C to 70° C 

-65°Cto150°C 

300°C 



electrical characteristics <Note2) 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Logical "1" Input Voltage 


DM7123 


V CC -4.5V 




2.0 






V 


DM8123 


V cc = 4.75V 


Logical "C" Input Voltage 


DM7123 


V cc - 4 5V 








.8 


V 


DM8123 


V CC -4.75V 


Logical "1" Output Voltage 


DM 7 123 


Vcc = «-5V 


lour - -2.0 mA. V, N - 2V 
l OUT - -5.2 mA, V, N - 2V 


2.4 






V 


DM8123 


V cc = 4.75V 


Logical "0" Output Voltage 


DM7123 


V cc = 4-5V 


1 ut * 16 mA. V, N - .8V 






.4 


V 


DM8123 


V cc - 4.75V 


Third State Output Current 


DM7123 


V cc = 5.5V 


040 ^V OLH ^ 2.4V 
V,N (Enable) = 2V 


-40 




40 


MA 


DM8123 


V cc * 5.25V 


Logical "1" Input Current 


DM7 1 23 


Vcc * 5.5V 


V| N - 2.4V 






40 


MA 


DM8 123 


V cc - 5.25V 




DM7123 


V cc - 5 5V 


Vin - 5.5V 






1 






DM8123 


V cc » 5.25V 


mA 


Logical "0" Input Current 


DM7123 


V cc * 5.5V 


V, N - 0.4V 




-1.0 


-1.6 


mA 


owe 123 


V cc = 5.25V 


Output Short Circuit Current 


DM7123 


V cc = 5.5V 


V, N - «.5V 


-30 


-50 


-70 


mA 


(Note 3) 


DM8123 


V cc = 5.25V 


Supply Current 


CM7123 
D'.".df23 


v'cc ' 5.5V 
V cc = 5.25V 


V, N (Enable! - 4.5V 
Other Inputs OV 




40 


51 


mA 


Input Clamp Voltage 


DM7123 


V cc - 5.0V 


l [N = -12 mA 




-1.0 


-1.5 


V 


DM8123 


T 4 = 25"C 


Propagation Delay to a Logical 


'0" from 


V cc - "5.0V 












Data to Output. t coo 




Ta = 25 C C 




5 


11 


18 


ns 


Propagation Delay to a- Logical 


'0" from 


V cc = 5.0V 




8 








Select to Zf.. t^Q 




Ta - 25°C 




17 


24 


ns 


Propagation Delay to a Logical 


'1" from 


V cc = 5.0V 












Data to Output, tp^. 




Ta = 25°C 




4 


8 


15 


ns 


Propagation Delay to a Logical 
Select toZ A . t pa) 


'1" from 


V cc - 5.0V 
T A = 25°C 




5 


15 


23 


ns 


Delay from Disable to High Impedance 


V cc - 5.0V 












State (from Logical "1" Level 


. t 1H 


Ta * 25°C 




4 


7 


11 


ns 


Delay from Disanie to Hiyh Impedance 


V cc = 5.0V 












State (from Loj.fai "0 ' Level! 


. t 0H 


Ta = 25°C 




9 


19 


27 


ns 


Delay from Oiiaole \n Logical 
(from High Impedance State). 


1" Level 


V cc = 5.0V 
T A - 25°C 




9 


18 


25 


ns 


Delay from Disable to Logical " 
(from Hiah Imcfdj-^e State), 


0" Level 

tno 


V cc - 5.0V 
T A * 25°C 




10 


23 


30 


ns 



Not« 1: "Absoiu:? Ma<. -m,.--, Rang*" w those vs'ufs beyond which t^e s& cry of the dtvic* Ltmnm 

be guaranteed Exctf 101 "'jpeiat -g TemperaTjre Rzttje" fey are no! "neant ic. imp*-,- that ihe 

C^vicej shou>d bo cr-v fd'La dt n«e i.rvu. The i»b-e ot E.;«tncai Chjisci.i ^\,c>" prov.aM condition* 

for actual device ope a'..cr . 

Note 2: Unif?« crhervMie specified mri-max hm u apply across Ihe -*i£j"C to «125 a C temperature 

rB-i$e lor the DM7123 ar,3 jean me C to 70' C ra. ye for ihe Vt.*ri\7X All typical* are atv*n for 

Vcc * 5.0V and T A = 26 C 

Nota 3: Only one output at a Mr.e should be shorted. 
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8833 
general description 



This family of TRI-STATE® party line trans- 
ceivers offer extreme versatility in bus organized 
data transmission systems. The data bus may be 
unterminated, or terminated DC or AC at one or 
both ends. Drivers in the third (high impedance) 
state load the data bus with a negligible leakage 
current. The receiver input current is low allowing 
at least 100 driver/receiver pairs to utilize a single 
bus. The bus loading is unchanged when V cc = 0V. 
The receiver incorporates hysteresis to provide 
greater noise immunity. All devices utilize a high 
current TRI-STATE output driver. The DM7833/ 
DM8833 and DM7835/DM8835 employ TRI- 
STATE outputs on the receiver also, while on 
the DM7834/DM8S34 and DM7839/DM8839 the 
receiver outputs aie standard active pull up T^L. 

The DM7833/DM8833 are non-inverting quad 
transceivers with a common driver disable con- 
trol and a common receiver disable control. 

The DM7839/DM3839 are non-inverting quad 
transceivers with a common two-input driver 
disable control. 

The DM7834/DM8834 are inverting quad trans- 
ceivers with a common two input driver disable 
control. 



The DM783S/DM8835 are inverting quad trans- 
ceivers with a common driver disable control 
and a common receiver disable control. 

features 



Receiver hysteresis 450 mV (typl 


Receiver noise immunity 1.4V (typ) 


Receiver input current 50/jA(max) 
for normal V or 
V cc - OV 


Receivers 




Sink 
Source 


16 mA at 0.4V (max) 
2.0 mA (mil) 

k r> m A /„^ i at 2.4V (mm) 
b.Z mA (com) 


Drivers 
Sink 


50 mA at 0.5V (maxl or 



32 mA at 0.4V (max) 
Source 10.4 mA at 

2.4V (min) 
Drivers have TRI-STATE outputs 
DM7833DMS833 and DM7835/DM8835 re- 
ceivers have TRI-STATE outputs 
Capable of driving 10052 DC terminated busss 
74 series TTL compatible 



connection diagrams 




Vcc «o Id o « c l c 0c DIS 



i [z |] |? (T |e |7 |i 



eus A i A o ft eus s i, o B rec gnd 

DIS 
TOP VIEW 

DM7833/DM8833 



|16 lis In h i in |n_[i| 

mm 



i |i I 3 I' s I 6 I' IT 

IUS. I A 0. BUS, I, 0, OVH CN0 
DIS 
TOP VIEW 

DM7834/ DM8834 




i p |5 [3 |s \e\i fi 
•us A i a Oft aus, i, o. ntr coo 

DIS 
TOP VIEW 

DM7835/DM8835 




|i [z ii |) js fi |; [t 

'"!« I. 0. «U> , 0, DVD CHID 
DIS 
TOPVrt* 

DM7839, CV8839 
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D COMPONENT DESCRIPTION 
D.6 INTEGRATED CIRCUITS 



9601 



general description 



features 



The OM9601'L'M8601 is both oin tor-pin and 
spec for spec ini^,r.h;!nce<iolt' vith the !)601 one- 
shot. Pulse widtns mm ;p from 50 ns upward 
depending upon t;ie values of the external H&C 
used. The reTrl'jguivble '&jture Jiows for ouVjut 
pulse widths to he extended forvond the normal 
range attainable with just n resistor and capacitor. 



inn.'t Clamping Diodes 

Complementary DC Level Sensitive Inputs 

Fl;:.ibi'ity of Operation-Optional Retngger- 

inj.'LccKout Capability 

DTL'TTL Compatible Logic Levels 

High Speed Operation— Input Repetition 

Rate> 10 MHz 

Output Pulse Width Ran.je 50 ns to »- 

L-idding or Trailing Edge Triggering 

Complementary Outputs 



schematic and connection diagrams 




Dual-ln-Lin* ind Fl^t Package 



■ -. .'■. 1 

»\\v»- I -• 

> l» U !■■ 
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D COMPONENT DESCRIPTION 
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9601 cont'd 

DM9601 

absolute maximum ratings 

Supply Voltage to Ground -0.5V to +8.0V 

Input Voltage -0.5V to +5.5V 

Voltage Applied to Outputs -0.5V to +V CC 

Storatje Temperature -S5°C to +150'C 

Operating Temperature -55 C to +125 C C 

Lead Temperature (Soldering, 10 sec) 300°C 



electrical characteristics 





Parameter 


Limits 


Units 




Symbol 


-55' C 


•25' C 


< 1 25' 


Conditions 




Mm. 


Max 


Mm. 


Tvp. 


Max. 


Mm. 


Max. 


INote 1 1 


V OH 


Output Hign Voltage 


24 




2.4 


33 




24 




V 


Vcc ' < sv 

l OM ■ -0 72 mA 
INote 21 


Vol 


Output Low Voltage 




04 




02 


04 




4 


V 


V cc - 4.5V 

'oc : 10 mA 
INote 2! 


v,„ 


Input High Voltage 


2 




1.7 






1.4 




V 


V cc - 4 6V 


v„_ 


Input Low Voltage 




85 






090 




85 


V 


V cc ■ 5.5V 
INote 31 


'• 


Input Load Current 




-t 6 




-1.1 


-16 




1.6 


mA 


V cc - 5.5V 
V P - 0.4V 


•« 


Input Leakage Current 








IS 


60 




(30 


uA 


Vcc ' 5.5V 
V. ■ 4 5V 


'sc 


Short Circuit Current 






-10 




-40 








V cc • 5 0V 

Vour -0V (tote 21 


''O 


Quiescent Power 
Supply Oram 




2S 






25 




25 


mA 


V cc " 55V 


l od- 


Negative Trigger Input 
to True Output 








25 


40 






ns 


V cc ■ 5.0V 
R* -50*1! 


•pd 


Negative Trigger input 
to Complement Output 








26 


40 






ns 


C» -0 
C t -15pF 


'-"""' 


Minimum True Output 
Pulse Widtn 








4S 


65 






m 


R* -5.0KI! 


'"- 


Pulse Width 






3.03 


3 42 


3/6 






US 


V cc » 50V 

R« • lOKli.Cx ■ 1.000 pF 


c.„„ 


Maximum Allowable 
Wiring Capacitance 
IP.n 131 




SO 






SO 




50 


pF 


Pin 13 to GNU 


"« 


External Timing Resistor 


5.0 


?5 


50 




25 


50 


2S 


kfj 





Note 1: Unless oth*f wiie ooe-;tf,ed, M x = 10 Kil between Fm 13 and Vqq on ail tests. 
Note 2: Ground Pin 1 1 (or Vq l te*,t on Pm 6, Vqh test on Pin 3 and 1$q test on Pin 8 

Open Pm 1 1 for Vql test on Pm 8, VQH" test on Pin 6 arid l^c test on Pin 6. 
Note 3: Pulse test to determine V'm a»d V,l_ [Mm Pw J 40 ns '- 
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D COMPONENT DESCRIPTION 
D.6 INTEGRATED CIRCUITS 

9601 cont'd 
operating rules 



1. An external resistor R x and an external capaci- 
tor C x are rehired for operation. The value of 
R x can vary between the limits shown on 
tables I and II. Tne value of C x is optional and 
may be adiusted to achieve the required output 
pulse width. 

2. Output pulse width i„„ may be calculated as 
follows: 



= 0.32 R X C 



'N]'* 



or C x > 10* pF) 



Rx in KS2, C x in pF and t pvv in ns 

For C x < 10 3 pF, see curve. 

R x and C x must tie kept as close as possible to 

the circuit in order to minimize stray capaci- 



tance and noise pickup. If remote trimming is 

required, R x may be split up such that at least 

r x<mim "lust he as close as possible to the 

circuit and tne remote portion of the trimming 

resistor R< R xlMflxl -R x 

Set up timed, I for input trigger pulse >40 ns. 

(See Figure 1) 

Release time(t 2 ) for input trigger pulse >40 ns. 

(See Figure 21 

Retngger pulse width (see Figure 31 is calculated 

as follows: 



0.32 R X C 



HI- 



i*v\ 



Figure 1 



Figure 2 



input —J L-— ., — .,. J L 

_J ^ 

OUTPUT ■ — ' I 



1_ 



9602 



Fttfure 3 



general description 

Th.j TTL/Monostable DM9602/DM8602 dual re- 
triorjerable, resettable monosteble multivibrator 
provides an output pulse whose duration and accu- 
racy is a function of external timing components. 
Th? OM9C02/OMS602 has exceilcn- imrr unity to 
noise on the V<;r and ground lines. The DM9302/ 
D"/3602 uses TTL inputs and cutnjts f:>r nigh 
speed and high fanojt capability and is compatible 
with ali members of the TTL family. 



features 

• 70 ns to <° output width range 

■ Resettable and retriggerable 0% to 100% duty 
cycle 

• TTL input gating— leading or trailing edge 
triggering 

■ Complementary TTL outputs 

• Optional retrigger lock-out capability 

■ Pulse wioth compensated for V cc and tem- 
perature variations 
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D COMPONENT DESCRIPTION 
D.6 INTEGRATED CIRCUITS 

9602 cont'd 

logic and connection diagrams 



to 



fV~- &t~ 



omwo: 

DWKM 
CS? 



T 



u r-~- OMM01 



T» 



Dual-tn-Lina and Flat Package 



m 



a a 



io=r 



U. 



Ttmni 

I POK MTIMAl TMINC. 



absolute maximum ratings 

Supply Voltage y gy 

Input Voltage (Note 7* 55v 

Output Voltage g g v 

Storage Temperature flange ~65 C C to -M5G^C 

L»ad Temperature (Soldering, 10 seconds) 300'X 



operating conditions 

MIN MAX 



Supply Voltage (Vcc* 








DM9602 


4.5 


5.5 


V 


DM8602 


4.75 


5.25 


V 


Temperature IT^) 








DM9602 


-55 


+ 125 


*c 


OM8602 





•►70 


"c 
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D COMPONENT DESCRIPTION 
D.6 INTEGRATED CIRCUITS 



9602 cont'd 
electrical characteristics iDMOsc?) it a =-55°cto+i25°c. v cc = 5.ov±io o < 





CONDITIONS INott 31 


LIMITS 




PARAMETER 


5s C 


-2^. C 


•125 C 


UNITS 




MIN 


TVH 


MAX 


WIN 


1VP 


MAX 


MIN 


TY D 


MAX 




Output High Voltage !V OM . 


v cc "4 SV Ic » 80 mA 

iN-te 2l 


2 : 






24 


33 




23 






V 


Output Low Voltage ; v OL | 


Vcc -4 5V.I 0l _ . 16 mA 
INnte 2) 






04 




02 


04 






04 


V 


Input High Vol'ag* (V IM 1 


Guaran'eed Input Hon Thres 
hold Voltage 


2.0 






1.7 






1.5 






V 


Input Low Voltage IV IL ) 


Guaranteed Input Low Thres 
hold Voltage 






85 






030 






35 


V 


Input-Low-Current (l lu l 


V tc - 5 5V. V, N -0 4V 
V cc -4.5V. V,„ -0.4V 






-] b 
-1 24 




-1.1 
-0 97 


-16 
-1 24 






-l.Ei 
1 24 


mA 


Input High Current ll IM l 


V cc = 5 5V V (N ' 4 5V 










10 


50 






60 


jjA 


Input Clamp Voltage (V c _ AM o 1 


V cc - 4 5V. I L - -12 mA 












-1 5 








*■ 


Short Circuit Current |l sc 1 


Vcc -S5V, V OUT ' 1 0V 
INute 2) 












-2S 








mA 


Quiescent Power Supply 
Oram (l, ) 


V cc - 5.0V 






45 




39 


45 






45 


mA 


Negative Trigger Input to 
True Output [t» LH ) 


Vcc -5.0V.R, . 5.0kil. 
C, -0. C L ■ 15 pF 










25 


35 








n, 


Negative Trigger Input to 
Complement Output IteMiJ 


V cc - 5.0V. R, ■5.0B1, 
C K - C v • 15 pF 










29 


43 








m 


Minimum True Output 
Pulaa Width <t MFN ) 


V cc -5.0V. R„ -5.0kn, 
C, -0. C L - 15 pF 










72 


90 








ns 


Minimum Complement 
Output Pulse Width (t u , N l 


V cc -SOV, R, -5.0kn. 
C„ - 0. C L - 15 pF 










78 


100 








nj 


Pulse Width it) 


V cc -5.0V. R x ■ 10k(l. 
C x . 1000 pF 








303 


3.42 


3.76 








*-i 


Maximum Allowable Wiring 
Cap. (Pins 2 and 14) IC STnAV ) 


Pins 2 and 14 to Ground 






50 






50 






50 


pP 


Timing Resistor (R x t 




50 




25 


50 




25 


50 




25 


HI 



Nott 1: The maximum V cc value of 8.0V is not the primary factor in determining the „,<,. 
to a number of interconnected devices The voltage at a High output is approximately 1 .0 V 



maximum V^c which m-iy be applied 

s::: 7 ^= .. .-. .... „ ltJ , „ „- v mout ^w,-^^i:^ u ~^i^^^^z^^ 

limits the system v^c to approximately 7.0V. 

u've'trfan^T tI^h 'T' ?'™ ''T"' ***"* ^"^ "" bC draW " OUt °* ,he ,nouts '' ,he dc ir '°"< voltage ,s more nega- 
™, m m , ' S eS ' 9n ' id '° C ' am[J °" ' ar9e neSd " Ve aC sv " in » s «"C,ated With fast fall t.mes and long lines X 

maximum rating is intended only tp l, m ,t the steady state input voltage and current. 

Note 3: Unless otherwise noted. 10 kII -es.stor piacud between Pin 2 1141 and V CC for a'l tests (R x ) 

Not. 4 : Ground P,n 1 i 1 SI fo, V 0L on P,n 7 (91. or for V H on P,n 6 (101, or for l SC on P,ns 6 (101 also apply momentary 

ground to P,n 4 1121. Open Pin 1 (15) for V 0L on Pin 6 1 10), or for V 0H on Pin 7 it), dr for l sc on Pin 7 (9) """"""^ 



truth tables 



TTL Input Load and Drive Factors 



INPUTS 


LOAD 


HIGH 


LOW 


3.4. 5. 11 12. 13 


U'L. 


1 U.L 



OUTPUTS 


DRIVE FACTOR 


HIGH 


LOW 


6, 7.9. 10 


16U.L 


8U L. 



1 Unit LMdlU.L.) -60l.A HIGH/1 6 mA LOW 





Triggering Truth 


Table 


. 5(111 


PIN NO'S. 
41121 3113) 


OPERATION 


H-L 
H 
X 


L H 

L-H H 

X L 


Trigger 
Trigger 
Resel 



H - Htgfi Voliaga Lf>* > V| H 

L ■ Low Vo'Tagc L«v*i < V IL 

X • Oon'i C»r* 

H-L ■ Higft to Lo^, Vollijg* Lev*) Trtnimoii 

L -H ■ Low to H,ijh VoOtvji Lavtt Traro.tion 
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D C OMPONENT D ESCRIPTION 
D.T CHARACTER 'GENERAL 



2513 • 

DESCRIPTION 

The Signetics 2513 is e high speed 2560-bit Static ROM 
avaiiab'e in 64x7x5, and 64x3x5 versions. The product 
U5=s +5V, -5V and -12V power supplies, 5V TTL level in- 
put Signals and Tri-State-Outputs for directs, low cost inter- 
facing wth 1 TL, DTL and 2500 Series MOS. 

FEATURES 

• 450 ris TYPICAL ACCESS TIME 

• STATIC OPERATION 

• TTL/DTL COMPATIBLE INPUTS 

• +5. -5. -12V POWER SUPPLIES 

• TRI-STATE OUTPUT CONTROLLED BY CHIP 
ENABLE FOR POWERFUL BUSSING CAPABILITY 

» 2513/CM2140 ASCII FONT STANDARD (7 X 5) 

• 24-PIN DIP 

• SIGNETICS P -MOS SILICON GATE PROCESS 
TECHNOLOGY 



APPLICATIONS 

RAHTLR SCAN CRT DISPLAYS (ROW OUTPUT) 
PRINTER CHARACTER GENERATOR 
PANEL DISPLAYS AND BILLBOARDS 
MICRO PROGRAMMING 
CODi CONVERSION 

PROCESS TECHNOLOGY 

The use of Signetics' .unique Silicon Gate Low Threshold 
Process allows the design and production of higher func- 
tional density and operating speed than other techniques. 

SILICONE PACKAGING 

Low cost silicone DIP packaging is implemented and reli- 
ability :s assured by the use of Signetics unique silicon gate 
MOS process technology. Unlike the standard metal gate 
MOS prcct-s* the bil.con material over the gate oxide passi- 
v.ites :r,e MOS transistors. In addition, Signetics proprietary 
surface pasii-ation and silicona packaging techniques 'esult 
in an iMOS circuit w ; tn inherent high, reliability, superior 
moisture resistance, and ionic contamination barriers. For 
ft rrht.r information reference Signetics - "Silicone Package 
Qualification Report". 

BIPOLAR COMPATIBILITY 

All inputs of the 2513 can be driven directly °V stand- 
ard bipolar integrated circuits (TTL, 3Tt_, etc). The data 
outpu* ojffers are capable of sinking a minimum of 1.5 mA, 
suf [icier,' to drive are standard TTL load. 



PIN CONFIGURATION (Top View) 



N/l PACKAGE 



• c 


^ D- 


>c 


3" 


■c 




J" 


4 C 


3- 


•q 


3- 


•c 
•c 


2S13 


3» 

3" 


■c 




3" 


•c 


2» 


»c 


3" 


"C 


3" 


»c 


3" 



1. 
2. 


V GG 

NC 


24. 

23. 


V CC 

NC 


3. 


NC 


22. 


Ac*dress 9 


4. 


Out 1 


21. 


Address S 


5. 


Out 2 


2J. 


Address 7 


6. 


Out 3 


19. 


Address 6 


7. 


Out 4 


13. 


Address S 


8. 


Out 5 


17. 


Address 4 


9. 


NC 


16. 


Address 3 


10. 


Ground 


15. 


Address 2 


11. 


Chip Enaoi 


9 14. 


Address 1 


12. 


V D r, 


13. 


NC 



PART IDENTIFICATION TABLE 



PART i ORGANIZATION 


PF.OGflAMMlMG 


2513N/I 
CM2140 


64XCX5 


ASCII Font 


2513N/I 
CMXXXX 


64X7X5 
64XSX5 


Custom * 



• A»k for"3ign«tic» 2513/251* Rwi Onlv Memory Software Package" 
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D COMPO NE NT DESCRIPTION 
D.T CHARACTER GENERAL 



2513 cont'd 
CHARACTER FORMAT 



HOW 
ADDRESS 




* 


. ••- 




£l 


*J 


A i 




S O4 C 3 Jj Ot 












9 i | ' Q [ 












•J^'T'V 


• 


1 




1] 1 1 r_i 


« 


1 




[1 j p 


1 


a 




1 







c 


© j j j fi' 


1 


i 




rj | e i [1 

f'ji X'l ° 


1 


1 








MAMPLE V 

HARACTEP 
ADDRESS 






** 


*§ 


*«|*i!*«|*t 






'Alien 
CMAHACTin 


1 


1 


ololi . 




• 







MAXIMUM GUARANTEED RATINGS* 1 * 

Operating Ambient Temperature 0°C to 70°C 

Storage Temperature -65°C to +150° C 

Package Power Dissipation^) @T A 70°C 730mW 

lrtput(3) and Supply Voltages 

with respect to Vcc +0-3 to -20V 



1. Stresses above thosa listed under "Maximum Guaranteed Rating" 
may cause permanent damage to the device. This is a stress r jtinj 
only and functional operation of the device at these or at unv 
Other condition above those indicated in trie operation*,; sec'ion* 
of this specification is not implied. 

2. For oparating at elevated temperatures the device -nust ba 
daratad basad on a +150 C maximum junction temperature and 
a tharmal resistance of IIC'CAV junction :o arntient. 

3. All input* ar* protactad against static charge. 

4. Parameters at a valid over oparating temperature rang* u.*>*asi 
specified. 

5. AH voltage measurements ara referancad to ground. 

6. Manufacturer reserves the right to make design ano process 
changes and improvements. 

7. Typical values are at + 25^C and nominal supply voltag»s. 

8. V^r- tolarance is ±5%. Any variation in actual W,, will on 



*cc 



tracked directly by V, L , 
« V cc of exactly S volts. 



and V« H which are stated tor 



DC CHARACTERISTICS 

T A » 0°C to +70°C; V cc = +5V (8) ; V DD =-5V; V GG =-• -12V ±5% unless otherwise noted. (Notes 4, 5, 6, 7) 



SYMBOL 


TEST 


MIN 


TYP 


MAX 


UNIT 


CONDITIONS 


'LI 


Input Lead Current 

! 




10 


500 


nA 


V, N = -5.5V 
T A = 25° C 


■lo 


Output Leakage Current 




10 


1000 


nA 


v OUT " -5.6V 
T A = 25° C 
VCE " V C C 


'dd 


Vqd Power Supply Current i 


12 


15 


mA 


Outputs Open 


'gg 


Vqq Power Supply Current 




10 


15 


mA 


Outputs Open 
VCE " V CC 


V IL 


Input Logic "0" 






1.05 


V 




V IH 


Input Logic "1" 3.2 




5.3 


V 
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D COMPONENT DESCRIPTION 
D.T CHARACTER GENERAL 

2513 cont'd 
BLOCK DIAGRAM 



CE < 

v OOO— 

V W>< 

*002l 

(2514 am, I 

VCCO- 



O, », 0, 0, 0, 

am 



OOTWJ' BUFFERS I 



MEMORY MATRIX 
CliW BITS) 



I 



ROW j 

ADORESS DECODER! 



*, A, A, 



5 s 

I s 



>*7 



CE 


OUTPUT 


. 


DATA 


1 


OPEN 



AC TEST SETUP 



:_n_ 



*N 2S13 "„ 

V 00 '-"tin- I 
— I — 1 r 5 -! — * 



gv 



f— O^OUT 



-JV liv 



Ui 
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D COMPONENT DESCRIPTION 
D.T CHARACTER GENERAL 



2513 cont'd 



CHARACTERISTIC CURVES 

i 



V DD POWER SUPPLY CURRENT 
VERSUS VOLTAGE 





1 
Vcc • - W 












Vcc-1 


V 
















































































» 


It 













V GG POWER SUPPLY CURRENT 
VERSUS VOLTAGE 













































































■-W 










-,, — 1 


»"c 











Vcc-VgcM 

TYPICAL ACCESS TIME 
VERSUS TEMPERATURE 



J too 



»00 
»00 


! 
• -»v 

-*5V 
•1W 




















































T 















TCMK JUTUftf TCI 



V DD POWER SUPPLY CURRENT 
VERSUS TEMPERATURE 



vcc 

V <K 


- -iv 

•*v 
■-IJV 






















































- 












• 



TEM*tMTUfti rci 



V GG POWER SUPPLY CURRENT 
VERSUS TEMPERATURE 



w CO- w 
v OQ*-12V 


r — 

I 






















^ 




























. 















TiHnuTURi ro 



MAXIMUM PACKAGE 
POWER DISSIPATION 









I 
























»,« 












' 




1 
































I •» 
















2 














*- 


3 

i 
















s " n 












1 




« 




1 








~i 

I 



Tc«frtHAn/«trci 



1 

_J 
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D COMPONENT DESCRIPTION 
D.T CHARACTER GENERAL 

2513 cont'd 
AC CHARACTERISTICS 

T^ = 0°C to +70°C; Vcc = 5V (e); V DD =-5V ±5%; V GG « -12V ±5%; unless otherwise noted. 



SYMBOL 


TEST 


MIN 


TYP 


MAX 


. UNIT 


CONDITICNS 


v OL 


Output Logic "Zero" 


-5 




0.4 


V 


One TTL Load 


V H 


Output Logic "One" 


3.0 






V 


One TTL Load 


t C A (CM2140) 


Character Access Time 




500 


600 


ns 


See AC Test Setup 


l RA 


Row Access Time (Aj - A3) 




450 


500 


ns 


See AC Test Setup 


*CE 


Chip Enable to Output 




150 




ns 




C IN 


Address Input Capacitance 






10 


PF 


f = 1 MHi. V lH = 
V cc , 25mV p - p 



TIMING DIAGRAM (ADDRESS TIME) 



r 



CHARACTER AOOSPSS/ 



now adobes 

(A,-Ajl 



OUTFUT 
»,-0»l 






\J C 



OC 



I-w'-'ca- 1 **! 



I I- *RA -»»»1 



«bv 



t-.* Character Accm Tim« 
CA 
t OA " Row Acc»»» Tien* 



CIRCUIT SCHEMATIC 
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D COMPONENT DESCRIPTION 
D.7 CHARACTER GENERAL 



2513 cont'd 
ASCII CHARACTER FONT 



2513NX/CM2140 



i&4 



M ^ ,m f m F m 



iSKSI ik3* IlS 1^ £l2H iiJ3 ilffl 






1 



rA--'* jtH^.'-H RuXp; E, 4j ii'4if 

sfiM IffiJ sEa Eyffij liLSi liciii s*i±J it; 



^:ir; E-+-. Efti 




F ^ ^ s sg F ^ f ^ ^ .Bi 



1 II M T 



lea lil E 



S3 i^j ^ 



5+h ! ppw 







m 



['; r r 1 






^ ,P gH gfl .ffl 

H j ~Tf "I rrp""**-! h' t -' , *-H KiH-i4-- 

fer i "^ J Tb-H irr^rfl 0++- 

Itidd ltd Sfesj IfoSa Ififfi 



71 



1 »'!-(- T- 



ui 



"1 fr 

I . IT 



ft -3 gBF3 sES 



a ton 



tj & rri.-."n c the 






■K+ 



3 M 



RCT 






1 E] 



S3 



^ 



fejfe; dMEb^ MffiS 



Gl£^ atxJd GLid EfcJ litmd Hir.il Mrrr:-H 



iff 



^^.-;a,j ^,|_i-.:.^ ,=Jt_ , .i T 4^ iiT.."".'1 >m 

-M jjj^i-ii-H ull."p '1l,.-..1Zj p i .,.;_{ 

aibiJ hrnrri ti 



s^ El^iJ c^ itcb aSai kbtSJ EfeS EES3 



»PS „E^ ^ r p ,KS ._FH^ -EM .SB 

5i r-OTftl 
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D COMPONENT DESCRIPTION 
D.T CHARACTER GENERAL 



2513 cont'd 
APPLICATIONS INFORMATION 



CRT DISPLAY MEMORY AND CHARACTER GENERATOR 






ROW ADOfltSS 

COUhTER 
83*4} 



r» ' 112 BIT — i 

U TTTTTT J 



? 



J-6V 



U. *S12Blt 



P 



CONTROL 

LOO;C 



ITILI -1 



£J 



r 



2S18/ 

2519 



AJ 



RECIRCULATC 
ANG LOAD 
CONTROL 



NOTE: *S12 or 1024 Bit Shift Ragistsri (2503. 2304. 2S0S. 2512) 
"• or H«x 64 BIT Two2518'« 

Ho» 72 BIT 2518 + 2519's 



*3 
A* 
aJ »'l 

A7 
»• 



TO CUT T AXIS 



rt 



TTi 



-12V -5V CLOCK ♦» 



DTL/TTL INTERFACING 



0^0 



s=o 



*cc 



Vqo ONO VfjQ 



-«V 6 -12VO 



■ai4«o 
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D COMPONENT DESCRIPTIONS 
D.7 CHARACTER (ITERATOR 
SCM 3088L T^pA 60U-VIOH-OI 



This Character Generator is a proprietary part, information and rer lac ensn- 
are available only through Sphere Corp. 
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D COMPONENT DESCRIPTIONS 
D.8 MEMORIES 



1702 



Tlii; H,02A ar.d 17G2A are 256 word bv 8-bit electrically programme'..'? ROMs i^sa-ly suited lor usc-i 
fart turn-around and pattern experimentation '^e ; r-.n;rtar.t. T^e 1602A and 1707: A ''nr:-: r .io c.-,ir;_ !-•: 
Camming and functional testing on e:jch bit position pier to sh pt.o-\ tnus irsurinq ICGvi progr;-:. i:n 



T!>a H;02A and 1 702A use 'der.tical chips, i n? ".702A 



cr to 5,1 pT.O 

j.-i^fneu ir a 24 p:n dual inline r<ack = rs v/iih a 
nar jnt lid. The transparent Hd aliows the user to expose the chip to ultraviolet iight to erase ths bit pat; 
i-uv-v pjTtsrn can then be written into the device. The 1602 A is packaged in a 2d pin dual in-i:-p n.sckacs 
'T-:c-il : id and is not erasable. 

The circuitry of the 1602A/1 702A is entirely static; no clocks are required. 

A pin-tor-pin metal mask programmed BOM, the Intel 1302, is idaa! for large volume production runs 
t.vns initially using the 1602A or 1702A. 

The 1602A/1702A is fabricated with silicon gat; l-hrclegv. This low th.-eshold technology al'ow: the 
-.*<* procuction of hi'i'ier performance MCTi circuits ar,3 provides a higna> functional density en a nor 
chip than conventional MO? technologies. 



v h::-e 
; .'-0- 
hiVy. 



of svs 

ces'gn 

ciithic 



PIN CONFIGURATION 



*1- 




*t>- 




•&*'r*3ul 1 - 




-da-* our j- 




•c**» OUT 1 - 




•o'.n .?*jt « 




•DATAOuT 5- 




•OATA 00" $- 




•PATA OUT j- 




•o*i* Ou? 1- 




v c , - 





'♦I »;, 

if L *,, 



-r 



PIN NAMES 



(3 



AdcVes: Inputs 



Chip Select lnput_ 



5^9P2<5« 3-8 (or opeotional connection, 

! ,'ib.Mv shall lie itnued tc ;eo ..c^q 
,. wh.Ch rails lo pf J^rrfir, »i Jf i"*ti. 



BLOCK DIAGRAM 



DATA Of 



DA "A O'JT f 

T 



H 






3GRAM ■■•J 



TT 



\0T£: in the rep-: T.ode a isq z 1 ai if-e adu-e'-s trm.ts 
anU (Jau OL.T-j.its is? hi-jn 3'id log'cO is a lov. 

U.S. P'ltfit Ni. 3G503tS> 



Pi\ CONNECTIONS 

Ts , evlfrn -| i,.^; iCI - ir ,ections to the 1602A/",702A differ, defending on whether the device is being programmed or used in read 

rriode (See iahovvi.-.g table.) In the programming mode, trie flaw input;, 1-8 are pins 4 -11 respecti vely. 

— r— 1 — 1 1 71 



1 

j MODE 



Head 
programming 



j 12 ' 13 

i (V cc ) ; l°rcgram) 



t* 



J JX__ 

; GND 



V CC 



14 

i ICS) 

i'gnd" 



15 

<v BB ) 



I Program Pulse I GND j V B 



16 
<V 6 Q» 

Vgg 



Pulsed V^ (V IL4P ) 



22 

(V C c> 



23 

iv cc > 



v cc 



GND I G'JD 



Absolute Maximum Ratings* 

Anci'ent Temperature Under Bias 0°C to +70 C 

Storaje Temperature -65 °C to +125°C 

Scl-.'enr.g Tempe sture ol Leads (10 sec) +300°C 

Power Dissipation 2 Wattb 

Ret -J Operation Ir put Voluges and Suppiv 

V j'tagos with respect to V tc +Q.5V to -20V 

Prot,ran' C|>-r?t,ci. Input Vcltaoes and Supr> : V 

Vo'tageswith respect to V c - -<!e»V 



'COMMENT 

Stresr.es ahove tnose listed under "Absolute Maximum Rat- 
ings" may cause permans-it damage to the device. This is a 
s\r..5£ raiinc, onl^ ann f-jr.ctumal opera:ion of the rie\'ice at 
".hers nr at any o'^ier cor ii;ion above those indicated in 
the ooerMional stcncis of tl-.is sper.-1t1c3-.10n ri not implied. 
F.xposu-12 to Absolut? Maximum Fc*inij conditions for ex- 
tenu?J pe'iods may atfect tievice rfcliability. 
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1702 cont'd 

READ OPERATION 

E.C. and Operating Characteristics TA=o c cto7o c,v C c=+5v±5%,v DD = -9v±5%, 

VqijH! = -9Vx5 c ,o, unless otherwise noted. Typical values are at nominal voltages and Ta =25°C. 



SYMBOL 


TEST | 


MIN. 


TYP. 


MAX. | 


UNIT 


CONDITIONS 


1 1- 


Address .ind Chip Select 
Input Lead Current 1 


1 


uA 


V IN " O.OV 


'ID 


Output Leakage Current 


1 


uA 


V 0UT = 0V.CS-V cc -2 


'doo 


Powei Supply Current 




5 


10 i 


mA 


V GG' V CC. CS - V CC-2 1 
l DL = 0.0mA. T A = 25° C 


- Note 1 


ben 


Power Supply Current 




35 • 


50 


rnA 


CS-Vf-Q —2 

l 0L --0 0mA,T A =■ 25°C 




'do? 


Pt'wer Supply Current 




32 


4G 


mA 


CS-0.0 

l 0L = 0.0mA, T A = 25°C 


Power Supply Current 




38.5 


GO 


mA 


CS = V C , -2 

l , 0.0mA ,T A =0°C 


Wl 

"'CF2 

\,G_._ _ 


Output Clamp Current 




3 


14 


mA 


V, Mr = -l.0V.T A =C°C 


Output Clairp Current 


13 


mA 


V OUT --1.0V.T A -25"C 




Gate Supply Current 


1 


uA 




Ir.pi-t Low Voltage for 
TTL Interface 


-1.0 




0.65 
V cf +C.3 


V 

-.: 

v 






input Low Voltage for 
tt/!03 Interface 


Voo 


A 
■ .7 




! ' L 


A^dre'.s and Chip Select 
input High Voltcne 

Output Sink Current 

1 Output Source Cui'i'irtt 


v cc- ? 

1.6 
-2 


V I 

I 


~~'c~?5~" 


mA j V OLT = 45V 


1 

'oh 

v 'o, 

''OH 


] v 


1 V,, . ' O.OV 




I Output Low Voltage 




1 l QL - 1.6mA 




i Output Hi-jh VoK.r 


3.1 


•' 5 




; V | 1.,,, -= - 100 tiA . 





NOTE 1: POWEn-POWN OPTIOV: V Gl j rr j> be c ■£..-•• ert to . ?duce power duvCJ-. ; on. rh3 0«..-j» 'CO •" ll ' « r V betwewi I o DO and loot 
ae,'f"3'"So.- the Vjjfl diity '''■'« (s*r: tvpica! :haracte isticsi Fo thij option pitase jpecify 
l."02ALur 1S02AL. 



A.C. Characteristics 

T A = CF C to +70° C, V cc = +5V ±5-;-, V ou = -^V i5JB, v aG = -9V ±5% unlsss otherwise rioted 



SYMBOL 



Freq. 



l OH 



l OV C < 



*0' ■: 



TEST 



Repetition Rata 
Previous read data valid 
Address to output deiay 
Clocked V.r; set i;o ;.'* 
Chip reelect de<*y 



I 
~ r- 



MiKIMUB,', I TYPICAL 



4 



0.7 



MAXIMUM 



L-.Vi 



""! 



100 



Outpjt delay f;om Co 



Output desaiect 

Data out hold in c'ovked l '- r rroJe (Note T) 



4— 



100 

~9C0~~ 
~33vT 



Capacitance * t a = 2s G c 



SYMSOL 



TEST 



MINIrVUM ; TYPiCAL 



Irp'-t Capacitance 

Odtjj'jt C.p.CitKPC? 



WAXsMJM 



•V Q(3 : V GG Ci-pj-.itancf: 

(Not; ;) 
*Tn 1 pjiu -i.'*-r lj p^rrcKJk'ai.v sjripie»1 tf 



j__!i. 



15 



13 



30 



8MT 
----- 

pt" 



CO^OiTIOr.S 



'^ V CC 
Vnirr " 'h-, 



v OUT 
^GG 



= V r 



cc 
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1702 cont'd 
Switching Characteristics 

Conditions of Te<f 

Input pulse amplitudes '0 4V, t p . t,. <50 ns 

Output load is 1 TTL gote; me£suruTierts*made 

at output of TTL g3te (tpo'Slo nsl, Cl= 15pF 



SS I. 

As 



A. 



Y-JZ 



wntss X 



■'acc — — "*"t 3.1'A CK'T 

INVALID 

DESELECTION O* OATA OUT*UT IN OP TIE OPt-'AT'ON 



X 



«« IV- 



TW 



B) Power-Down Option (See Note 1; 






x: 



a V - — *° ™ H 

V, t • _ ""■" , " ' .1 in . 11 ■■■■ 

e . i r ,B \i / \ 

v ,V — — / ■ (SEt VJ-E « \ 

!-•-— , A - C *-) *« !-» I^f 

DATA DATA OUT \] / DATA Out 

°^ T INVALID \ / INVALID 



. OESELECTIC.N Of DATA OUTPUT " 



?X 




WOTfc 2: Tn« cutout Mill r«m«'n -*lni tc t.jnc *» lonj •• L rocn#tl V-3 
"* •* V.»C- A " *U3'«1I C1»"G» "'<*V OCf.U' »< toon >> f" OJ'liul '* »#n«-nj 
icln<-.k*j V-- ma f it"i ';« »? ^CC 1 - r,it * ^•*o" , « ivjii u or tr.« ol i 
*ddi*ii v.-*n flat- kid VQp '» r«ti.fi*a :o 'i'gQ 

hC'Ei: 1+ cV . *«M a tranxr.en Irsm V t) _ ic V, H Ahiltcl.jckid V G - 

" •' '"'OG' '^ r >*" t CtrlBI»'.tlOn O' O.Jtpijt OC^ Jit «: tjiQ •* inOIVI ir [1*1 c 
OMTIIion vWi'h ConitBP* Vqq, 



Typical Characteristics 



Ipo CURRENT VS. TEMPERATURE 

-'» 1 1 — : — 1 — : — : — : ; — : — : — 1 




OUTPUT CURRENT VS. 
V DD SUPPLY VOLTAGE ; 



-H I *, - 






HV- 



-!_. 



. sumv vo:r«GE <*, 



^. 



_U_ 



OUTPUT CURRENT 
TEMPERATURE 



VS. 



i 

1 




! 




i 


1 


1 
i 

-6V 


! 
j 


!> 




1 


! 


1 


v tc 


-tv 




! S N 




1 


! 


u cc--»» 


i 


1 ; 
i i 

! ! 

1 


a 


00V 

i 


i 

4^ 








i 

! 
1 
i 


f '' 


, 


i 








i 1 


1 10 


20 30 


«□ 


5C 


W *7Q BO 


90 


1 1 AMBttNT TEMPEHATUR6 

| ! ! 1 1 1 


°CI I 


I 


1 


H 




I 




1 




] V 0D* 


-"I 




I 


! 


1 

i 


1 


! v oo- 






1 




1 


t 


1 


OV j 

1 I 
i 1 


j 

T 


1 
1 
1 


CS- 

1 


! 

OV 


1 
i 
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OUTPUT SINK CURRENT 
VS. CilTPUT VOLTAGE 




AVERAGE CURRENT VS. DUTY 
CYCLE FOB CLOCKED V GG (Notel) 



is I- 



; 


.j ! 1 l 

1 & 


1 ( 


I 1 1 ! 1 i 


-»v 1 


1 


i ' ■ 


v,_ ' i 






1 




, ! 1 










-I 




T" 












! 1 


1 




'■ • : i 




! 








;mI 


1 

1 


L^TlC 














Mill 




■ ■ i 


1 


1 




T ' ' 1 i 1 
1 1 i 


1 


~i : ;j_:~.:hl 




Hi iT 


, i 



OoTfUT VOiTaGI fVCLTSf 



DUTY CVCLf 1%) 



ACCESS TIME vS. 
LOAD CAPACITATE 




ACCESS TIME VS. 
TEMPERATURE 



JO K) -0 W SO "•Ei » *) 100 
LOAD CAPACITANCE !»F> 




10 » x 40 !o «o ;o 10 N 

AMBIENT TCMftRATUAE f"C| 



PROGRAMMING OPERATION 

D.C. rand Operating Characteristics for Programming Operation 

T A = 25°C, V cc - OV, V B8 = -t 12V ,t 10%, CS = OV unless otherwise noted 



SYMBOL j TEST 


1 MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


i 


1 I 
f L;lP | Address ar.d Data (nout j 

i Load Current i 




10 


mA 


V, N = -48V 




■u:p i P'c^r-ir.! ana vr« j 
1 I. ocd Curren: 


| 




,0 


rr,A 


V IN - -48V 




"?B i V sn Supply' Load Current 


1 
1 


1 10 




mA 


(Mote 5) 




•ocp ' Pea '* ! oc Supply 
: Load Current 


1 


200 




mA 


Vdd = V p .. og = -48V 
V GG = -35V (Note 4) 




V |H? Ir.'jut High Voltage 


^46" 




0.3 


V 




! 


V, L]p j Pulsed Dat^ Input 
Low Voltage 


-46 


V 




i 


V p iv 1 Add-sss IriD'Jt Low 
Voltage 


i -40 

-L 




-43 


\. 






V |LV j Pulsed Input Low V., , 


1 -46 




-43 


V 




; 



2nd Progn-n Voltage 



V ' Puised Input Low 

I V IL5P ' 



V QG Voltage 



-40 



I 

fcki'.e 4: >C0 a * l0Vv 5 0"lv cl-jr *rv Vqjj. ''-'i~(;: or» tuTt- ir.^p r^ula 10; ':.- .iNowid to c -f-^o r^C'ivi t j- g-eater rhjn 190 use.-. Avi'^js 2 ■'■wer 

supply cursrii 'OOP ' s tvnicjH/ 40 mA :j: iC'\ autv nv :l*. 
(V k:te 5 T he Vgjj pjpp:y must be )"TV*"-d tj> 'COmA rr.a < :u. _J " 10 0rev.1i' 'amjge tJ ^.e ■"!•!•. -.ce. 
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A.C. Characteristics for Programming Operation 



_ --J-— j w|jvia>is;ii 

•" 3!£ '- T lll_l V " ^ 0V " V "B = - 12V + 10?':. CS - CV unless otherwise noted 



AV>5:£ 



SYMBOL 



TEST 



t fPW 



l DW 



Program Pulse Width 



Data Set Op Time 



r OH 



Data Hold Time 



t VVV 



Uc/; (6f 



V DD ■■ V GG H °W 



AdvJresa Complerrpnt 
I Set Up 



l ACH 



(6* 



r ATW 



Address Complement 
Hold 



Address i rue Set Up 



ATH 



Address T rue hold 



i MIN. I TVP. 



MAX. i UNIT 



20 



_25 j_ 

10 ! 



v DO . VGfi 5e t Up i 1C0 



•H 



10 



25 



100 



10 



10 



I 



CONDITIONS 



n-.s 



MS 



MS 

MS 



MS 



M3 



V CG"= 
prog 



-35V, V 
: -48 V 



PS 



MS i 

MS I 



Now-6: Ail 8 njdria bin mui i< in !> comcienm, .,... »»», „.,i«, ,, , '"" 



Switching Characteristics for Programming Operation 



Conditions of Test* 



Input puise rise and iali times sMjuec 
CS = OV 



PROGRAM WAVEFORMS 



*i *»CH 



ADD R ESS 
-40 to -48 



'"v — 

\fi BIN; 



NARV COMPLEMENT 
ADDHE&S OF WORD 
T BE PROGRAMMED 



PULSED Voo 
POWFR SUPPLY 

-46 to -48 



PULSED \fe 
PO.VER SUPPLY 

-3S to -40 



PROGRAMMING 
VULiE 

-4 5 a> -48 



DATA IMPUT ,'" ,.V 

( □ : : v i - e - . : ' 

OUT.'UT 
LINcf, , 
-46 to -4'! --"^ ~'- 



DAT/. ; 
CktV 
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OPERATION OF THE 1602A/1702A IN PROGRAM MODE 

Initi* iy. ali 2C48 bits of the ROW ,re in the "0" state (output low). Info.naticn is introduced by selectively programming "Vi 

(outp'j'.higb) ; n •■I'.e proper bit locations. 

Word addres; section is done by the same decoding circ„i-Y .»» V ™ READ mode (see «hie on pa". 3-1 II for i^.ic l^K 

A!< 8 adci ^ h'x. must be in the nina-v complement state uher. puv.Br> V 0J and ,- a move to tt e:r negst.ve lev.lv i 

must be held in th.u tvnary complement state for a minima ,f 23„s,c after V D0 and V GG . have move d to the* "e ^ ^ >■ 

The addresses „, tn,n mal;-. the traction to their true stats i ^,i, ,murr. of 1C*,ec before the P ro 3 -am p.r.e :» a-»p ,rf. T. e 

Iheaajr.^ses m..n ^ minimum of 22 times. The eight output term,.- jis are used a- 



dresses should b- programmed in the s^uer.ce C through 255 'or ; rr> ,n, e m . 

data inputs to dp.err.ine t.ne information p«tern in the eight bits of each wo.d. A low data input leva, M . /> w.l ,r,.,, , , 
"1" and a h^h Ita incut Isvc. (ground wil. >eave a "0" (** raM, on pa* 3-11). All eight bits of one word are programmed sim- 
ultaneous!^ by setting the desir-ad b- information patterns on .he aata input terminals. 
During thalpronramming. V 2G . V DD and the Program Pulse are pulsed sicnals. 



1702A ERASING PROCEDURE 

The 1702A may b- erased by exposure to high inter,! w short-wave ultraviolet light at a wavelength of 2537.4. The -eoom mended 
n'c-atec. dnsc >, r : UV intensity x exposure time, is W.-aWcx*. Example of ultraviolet sources wh.cn can er. : e,c 1 02A „n 
t 20 n ■":;, t; *. Mode. JvS-64 and Mode. S-57 sho, wave u,tra,o,e: lamps manufactured ^^^kZ 

,51 U Walnut G-ove Avenue, San Gaoriel. California). The lamps should be used without short-wave f .Iters. a nd the . ,0. A to be 

erased should h« placed about one inch away from the lamp tubes. 



2102 



The Intel' 2102 is a 1024 word by one bit «sr.c random access memory element using norma, ly ct, 

?i channel MOS devices intern atea on , rronoi::™ array, it c:,s f,!;y DC -.table (static) circuitry and tnorsfor, 

requires no cocks or refreshing to operrte. The data is read cut nondestructive! v and has the same poiaru-/ 

as the input data. . 

The 2102 's designed for memory appiicv.ons where high performance, low cost, large bit storage and simple 

interfacing are important design objectives. 

It » directly TTL compatible in all respects: inputs, output, and a single +5 volt supply. A separate chip enable 

(CE) lead allows easy selection or an individual package when outputs are OR-ticd. 

The Intel 2102 is fabricated witn M-channel silicon gate technology. This technology allows the «-;ign sr.n 

production of high performance «sy to use MGS circuits ana provides a higher functional density or a nr.or o- 

lithic chip than either conventional viOS technology or P-channel silicon gate technology. 

Intel's silicon ga'e technology also provides excellent protection against contamination. This permits the use of 

low cost silicone packaging. 



PIN CONFIGURATION 



LOGIC SYMBOL 



PIN NAMES 



[-.,,, D-'. r A iNPUT 

'Aj~A~"A7T0F>S:SI.M J t l TS 
~S7a : H; AC VHtTE 'NPLT 



Ch:" JNA'JLF 
DA T ' OL'TPUT 



^> 



BLOCK DIAGRAM 



• i H>= 




-M>=j 




■^iX" 


„'i;„ 


^ 




■^x= 


r 




H 1 



^ 



~U*~ 



^y* 



r> 



AZSAA/: 

,:;| .-, :_, ... : , 

4 4. i = 
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Absolute' Maximum Ratings* 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Tsmperature -65°C to +150°C 

Voltage On Any Pin 

With Respect To Ground -0.5V to +7V 

Power Dissipation 1 Watt 



•COMMENT: 

Stresses above those listed under "Absolute Maxi- 
mum Rating" nay cause permanent danuqe to the 
device. This is a stress rating only and functional 
operation of the aevice at these or at any other 
condition above those ind'eated in the operational 
sections of tnis specification is not implied. Expo- 
sure to absolute maximum rating cond tions for 
extended periods may affect device reliability. 



D. C. and Operating Characteristics 

T A = 0°C to +70°C, V cc = 5V +5% unless otherwise specified 



SYMBOL 


PARAMETER 


! 


LIMITS 


~ T 


UNIT 


TEST CONDITIONS j 


MIN. 


TYP.* 1 ' 


MAX. 


■l. 


INPUT LOAD CURRENT 
(ALL INPUT PINS) 


J_ 




10 


^ 


V, N =0 to 5.25V j 

i 


i 
'loh 


OUTPUT LEAKAGE CURRENT 


I 




10 


^A 


CE = 2.2V, V otT = 4.0V | 


'lol 

'cci 


OUTPUT LEAKAGE CURRENT 






-100 


^'A 


CE = 2.2V, V nuT - 45V j 


POWER SUPPLY CURRENT 


! 

i 


30 


60 


rr,A 


ALL INPUTS = 5.?5V j 
DATA OUT OPEN 
T A *25°C 


'CC2 


POWER SUPPLY CURRENT 


I 

i 
i 
i 




70 


rnA 


ALL INPUTS <= 5.25V 
DATA OUT OPEN 
T A = 0'C 


V IL 


INPUT "LOW" VOLTAGE 


■ -0.5 




+0.G5 


V 


[ 


V,s 


INPUT "HIGH" VOLTAGE 


2.2 




r ~>x 


V 


i 


V 


OUTPUT "LOW" VOLTAGE 


I 




+0.45 


V 


l 0L = 1.9mA 


V/ 0H 


OUTPUT "HIGH" VOLTAGE 


i 2 - 2 






V 


I oh =-100mA 



typical D.C. Characteristics 

POWER SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 




10 20 20 «0 50 60 70 

AW&I5NT TEMPERATURE CCI 
1. Typical values are far T A * 25 C C and nom.iiBl supply voltage. 



power supply current vs. 
supply voltage 




V CC IVOLTSI 



A.C. CONDITIONS OF TEST 

Input Pulse L f.v?'s; -0.C; Vcft to 2.2 Volt 

Inpjt Pulse Pise and F-ll Tip-*-;: 20nser 

Timing Meaajrerr.e'U rt'V.j-ence Level: 1.5 Vol* 

Output Load-. i TTL Gate and C L - 100 pr 



Capacitance 21 t a =25°c, f = iMhu 



SYMBOL S 



TEST 



LIMITS ip r -r] 



C ( , 



INPUT CAPACITANCE 
(ALL INPUT PINS' V IN -- CV 



ITYP.i'i Mi>. 

:> 5 



OUTPUT CAPACITANCE 



; vqu t - ° V 



10 
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A. C. CharCCtOvi::tiC J T, v - O'C to 70°C. V cc - 5V ,5\ unless otherw^ specified 



I r-vf cou 

ilitAD "CYCLE 

j ^~ ;' REAP CYCLE 



PARAMETER 



MIN. 



LI V ITS 
TYP. nl 



UNIT 



MAX. 



■CO 
*OH1 



'OH2 



acccss Tir/E 

CHIPVr-.A3Li='f0CijTPt*7TIVE 
MpREvTouV "READ DATA VALID WITH RESPECT 
i TO ADDRESS 

r pPEvTcL'.~ READ DATA. VALID WITH RESPECT 
i to CV ? ENA3LE 



WRITE CYCLE 






l WP 



WRITE CYCLE 

~AD D R r 3S TO W F I T ESETUPTIME 
: WRITS P'. ; LSE WIDTH 



'dw 



'DH 



"wRITf. RECOVERY TIME 

~!"d ata" Si" tup tTme 

"rOATATlOLD TIME 



l CW 



"chip enable to write setup time 




Waveforms 

READ CYCLE 



WRITE CYCLE 




DATA 
OUT 




NOTES: 1. Typical v«Iu« if. «or T A - 25'C.ndnoTiirul supply volt»g«. 
2. Thii par«m«»r is periodically sampled and is not 100% tasted. 



Typical A. C. Characteristics 



ACCESS T.VE VS. 
LOAD C.'.PAC'T. ^CE 

1*00 [ — — — *~ ' I 771 I 



\ ■ 1 



1200 



r— -- 

5P! 




«„,.l- - 

i 

j 








LOA ; 


,to fio ">'< -*■* 3 

C.iFJ-'TAfCE (a?! 



ACCESS TIME VS. 

AMBIENT TEMPERATURE 



_.__.* i - 



jZ 30 40 W M 

AMBIENT TEMPtRftTURE ^O 
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2102 cont'd 

Typical D. C. 'Characteristics 



irjpUT current vs 

'INPUT VOLTJGf. 



; v- v - e Cv ; 

, k y _ i — - 







ii ■ 
' i 


! : ! 


-2? 


/■ 


T. ■ r ' ;al 

U i J 


i i 

: 1 






! ' i ; 
^ 1 . — i — 


! i 1 

! 1 1 



0-1 -t *3 -4 ** ♦* 

V„, IVOLTSi 



EFf-ECTiVF INPUT 
CHARACTERISTIC 



4 | * 






OUTPUT SINK CURRENT VS. 
CUTOUT VOLTACr 

J?' 1 

| J.W8IENT Tf WPE1ATJRE ■ 




CUTOUT J.CURCE CURRENT VS. 
OUTPUT VOLTAGE 




OUTPUT CUT1RF.NT VS. OUTPUT 
V0LTA3E A'TH CHIP D1-A316D 












V„.„ '"-LT5, 



Relationship between output 

e;-jk current. num'-er 3f cr-7ies. 

ano output volt are 



J 




..... .._! — I m- 



*5 SO « 60 65 

V-. IVOlTE 



2107 A Type Dynamic RAM 

U030 V = -3v 

1+060 V^j = -5v 
Do not mix different voltage chips on a single board. Boards 
containing different types of chips may be mixed in a system. 



• 4 096 x 1 OrriniiiT.'Ofi 

• 3 Pa; 'c-c- 'il~- ■"-. .'i'j;s: 



Zi • >:1 JfcnA.^iC A.^iO PLAS'IC 

DUAL-IN-LiME PACKAGES 

(TOP VIE V} 





BEAD. 


„„.-.. SHAD OR 


MOD! FY 


ACCESS , R|TE 


WRiTE 


Ti.VS CYCLE 


CYCLE 


(MAX) :mini 


i "v" ' rj i 


TMS^PSO 3'-il rj ^ 70 ns 


7 V, ;is 


TIMS £000- 1 250 rs 42P r> 


640 i,s 


TM3 4>*Q-2 "D'j .is 430 is 


580 n> 


Fuli TTL Corrr3t:di!itv en AK inputs 


(No P\m! 


Resistors N'^tjcy'ii 




Low PowK r Disiiiv-.iicn 




- 400 -t>\\ 0;);rc".i.i.i ! IVd-mS 




- 0.2 rnW St;n J!,y \Tvp"....l) 




Si--.ci!» l_owC;~'r T i '.fi.-.ce C-tck 




M Channel Siliooo-Gsr..' Teihnolcciy 




2? Pin 400-Mi! O j.j!-:rv !_:n P^:kf"ri 





v B8 


1 L 


A3 


*G 


A 10 


'G 


A11 


1 


CS 


5 [i 


01 


s Li 


DC 


'G 


Art 


8 F 


,M 


9^ 


».2 


13(3 


Y-.~c 


•1 i™ 
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-bscrip-ion 



':OS random-access memcrie?. orgar .vd -s .-1^6 
t v:i '; ?">• sLiefd'cc.v," re is tv t< ■■ •• of-, r-i _> 



The TV!!? 40bl) ■.J'.ri^ ••; i.-.mrvvteJ of ,i,-.ji:-<- --erf Jvno'Tiic -V'9r 

p:.-1:>r -.arc- op'iin; .;rt -t^'-l .<00 n; i'T-t, fo. rhe i"VS -i'i;>'j, 250 ns jo-o;; for the TMb -T0G0-1 , o'fl ?00 .•« 
' ML- '-Jcv 2. There oct on- .■!: ;.v if- j sys.em uVicne: to mor • ciusely match the memory performance to vie caoabi ty 

Or the drith-T.e'lc prOCeSJOI. 

A!i inputs aycepi the chip e.-juie aid ful'y TTL cnmpatip'a and -equi'e no pull-up resistors. The 'o.v capactt3r.ee of in-; 
aid-ess a.id cort'oi ii.u-.'ts pri'dudes trio u^ed for special. in drivers. When uri.'en by a Series It. 'if c;. ti:.j »j.j j. 3 i; -?;) 
cc input noise i~ir;u -,.,\ is 2J'J i.-iV. Tne T T L-ccnp.-.tiDla rtm'ier is guaranteed to dr ; ve *wo 5?ru;s 74 TTL ;ate-.. ". ha 
t"»'S 4060 seiics uses only nnn clock (chip enable) to snip ify svs:ero aesiqn. The low-C3pacitar-.c? chip er.dOlj irnut 
requires a positive »ottaoe sw:n,; (12 volts!, wh '.;>■ can be tii iven :-y 3 variety of widely avaiiaolo tinkers. 

The typical power cli'..:o ii^o-i of >hes» ■■ ' M^Y ■, is .',00 ,-nU, ,«.t .e e.-.ri 0.3 mW standby. To retain data only € n'1 avt' >c,i 
oo»&' .s required, which irx'iees Ihc pc.v:. -on- -mad to retresn tne contents o' the memory. 

The TMS 4060 series is offered mi both 22-pn ceramic (JL suffix) and plastic (NL suffix) dual-in-'ine packages. The 
series >s gu itanteod for operjtioi from 0"C to 70"C. These packages are designed for insertion in r-.ounting role- rews 
on 0.400-mil centers. 



operation 

chip select (CS) 

The chip select terminal, which car. be driven from standard TTL circuits without an external culijp resistor, affects 
the data-in, data-out and 'ead'/vrte inputs. The d:ta input and data output terminals a'e enabled when -hip select is 
low. Therefore, the read, v.rlte. ,'ir 4 r??d. mo-lity wire operations are performed oniy when chip srlect s low. I* .he 
:hio is to be selected for a given cycle, the ch p-seleot hour c.st be low on or before the r sing edqe of the chip enab'e. 
If the chip is not to be selected *o' a even cycle, chip select must be held high as lone as chip enable is hioh. A regis.c-: 
for the chip-select input is provided on the civ;: to redjee overhead and simplify system design. 

chip enable (CE) 

A ?nr!e external clock irpnt is enured. All -«d, write, and read, modify write operations take place when the chip 
enable input is hign. When the chip -rube is Ipiv, the memory is in the low-power standby mode. No read/write 
operations can take place rjecriusa the chip is sutomaticaHy precharging. 

mode select (R/VV) 

The read or write mode is selected throuoh the read/write (R/Wl input. A logic high on the R/W input.selects :h: read 
none and a Icc.c low select: -h? w-r.e mo™. The retid.'-.vrite terminal can be driven from standard TTL circuits w.thout 
a p. II up resistor. The da'3 input is disabi.d vhe- the read mode is selected. 

add-ess !A0-Ail) 

All addresses mus; be stoL'e :„- or before the rising edge of the chip-enable puise. All address inputs can be driven f, om 
standard TTL circuits witnout pull-up resistors. Address registers are provided on chip to reduce overhead and simrlily 
system design. 

data-in !Dl! 



terminal can be 



Data is wmten during a write or read, modify write evele while the chip enable is high. The data-in t 
driven from standard TTL circuits without a pull-up resistor. T.nere is no register on the data-in terminal. 

data-out (DO) 

The three-state output buffer nrovides direct TTL rcrnp.ir-bilitv with a fan-out of two Series 74 TTL gates. The o.tput 
'S in the high-impedtnce (ftoatinp. elate vvnen r,-c- chip enable is low. It remains in the hiah-imoedance state f th-> 
cnip-selsct input is hign when ch p enable get s h.ch a,nd pro-ided that chip select remains hicih as long as chip en=hle ,s 
h.qh I' the ch.o seler: is sat up lew p. :or to the rise of ch,p enable and held low an interval after th --t rise the outoi.it 
•f Hi P.. enabled as lone as tm- CTi.i; ,t^vs h:gr. reca'dlt ,-, of subsequent changes in the level of chip select. A d. a. valio 
node is always preceueo ov a icw output stale. Data-out is inverted from data-in. 



refresh 

Re f iesh mutt 1-; parform.?d every' two nillisecc.-dr. by 
c/cl,Tg throuc.i th t FA 3d:>uss«s or the 
lowi.r-onler-addr=ss iriputa AO through A-3 ,p ns 3, 9, 
10, 13, 14, IS), or by addrets'ng e«rv row within 
any ?-miiliserond oenou. Addressing any row 
retrtshes all fi4 bits in thn row. Tho chip does noi 
need to oe selected during th.j rehc-sh. If the chip if 
refreshed duii.ig a writ-.: -.loae, then chip seise: must 
be hign. The coain.n addresses iA6 through All! can 
be ir determinate durinp refresh. 



functional b!ock diagram 



WlHAUt 
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D. 



MEMORIES 



2107A cont'd 

absolute maximum ratings ovar operating free-air temperature range (unless otherwise noted) 

Supply vollsns, V^r {>•'.? Nor-j) — 0.3 tc 2C V 

Sijtoply voltage, V^ j we-. 1 iJo-^i -0.3 tc 20 7 

Supply volts:;a. Vcc (.;■-« ' i '"'■ ' -0.3 to 2'J V 

All input voltages (s--e Xuiei -0.3 'o 20 V 

Chip-enable vol'ayt! ($ee i-locn —0.3 to 23 7 

Output voltage (op° Jtinc ,vi Hi respect f o Vcg) ; — 2 to 7 V 

Operating tree air ter.ir.eia'ure r3ngs 0°C to 70 C 

Storage temperature ,'iinue — EE°C to 150 C 

MOTE: Under absolute maximum 'iiingi voltage <,ji., as are *vith respw:t :G the most-nogative supply voltage, Vgg (substrate*, jnless oth-r'/^*e 
noted. Throughout the remainder of this data sn^et, voltage values are with respect to Vgg. 



rcro-vtnwrided operating conditions (see Note) 

PARAMETER 



Supoiy vc. Itage, Vqq 
$ iJ£?i/ v< It.fge, Vrjrj 
Gupply voUa^e, V55 



1 Supply voltage Vgg 

; Hgh-lcve: mou! voltar-e, V;h Ij 1 ' ifipy;iPxce;,i :.'np ename 1 ' 
Hirjh-tevei chip enable Tout vnlra-',?. V|^ ^ni 

Leu- !.-■<?. incut vj'tu.-e. V| ^ |- ;: il inputs e <cep- :r ip ? lao'e; 'see \ - 
I. .-a v.e chip oi'jt'le irpu f voi'dje, Y;| ir.£; l^e- 1 ^otel 

^l" , _'* 1 _ ti 2!;'ll ,r '-^ , __ _ 

Onerj'.inj free-air te.n~.per:;;. re. T^ 



2.2 



Vqd -0 6 



-0.6 



MAX ! un: t 



: r f r n^ ;j;,3e v :i ait; con 



5 25 
■•2.6~ 



'V3 



■he mnst nog2tp 



tit is aesrinatan- as iii- mum is use J : n this data sheet tor logi. volta;-'.- aval? en, ■• 



S'^c'rics! characteristics over f L ;|| 1 3.100s ot recomrriefititti operating conditions, T„ =- OC to 70" C (unless 
othfjrwi-ss notod) 



i 


. ; AP«'j.Eren 




TESrCOIDITlONS 


M.'N 


TYP f 


MAX 


«.JN;T 


Uoh 


H/j.'i ■•e-.e- ^utnji vo1-"jcd 




■ = -2r?A 




24. 




V,-,-; 


■' 


Llio. 


Lj'v-ts'-ei oj:,-j. vo!:^je 




l = 3„>rr.A 




Vss 




3.4 j V 


'1 


!"if'-J» uur^ent i-jll inputs except 




V, --0«:5,~5V 




10 


uA 


i_!i' C! ^ 


O'lD'c-ible input cu:r°nt 




V| = to J 3.2 v 




2 


u>-» 


ioz- 

'CC 


H:gr-impedance-state (off st<a:*) 
cutput current 




Vq "-0to E 25 V 


10 


uA 


Supply cur r eriT ficm V^c 




2 Senas 74 TTL leads 








1 


rr.A 


r' Di ' - 


3'JCGly currjiu *-um Vq ( -> 




v »H ; 0£j - -*-*5 v 






30 


no 


mA 


h' 1D 


Suop.y cjnvn: rrcrr, Vq-j, sv-ndby 


IL "C "- 06 v 






20 


200 






Average supo.y _1.rr5.-v from Vqq 
during rfiad or v/r:tp c/de 


I 


TIMS 4060 




.;: 




. — , 


'PDUv: 


r 


Tr.lS 4060-1 




3~. 




mA 


■ 


Minimum cycle ! 


TWS 4C60-" 




31 






P" 


Average su'D.v current '-jti V £,.,-. 
Ou.-tiu read, modify wr-te eye'e 




t 


TMS 40-30 




32 




( OC*3V) 


1 


TMS 4060 ; 




3F 




mA 


... 


r 


"MS 4060-2 




38 






■ 
'B6 


Supply c'jrrc-m from v'pg 




v ae •- -.n.5 V, 
Voo" -2 •'''■■-. 


v'CC - 5 25 V. 
v ss , V 




-5 


-100 


J. A 



-*i Tvci^st va(u«s are at T A - 2E"'C. 



capacitance at V DD = 12 V, V S c - V, V EB = -5 V, V cc = 5 V, V, (CE) = V, V, = V, f = 1 MHz, 
fA : 0'C to 7:1 C (unkis otherwise noted) 



'-ilad) 



PARiV ;ttr 

mcu. c.ll"!.:i!jrre ad - 



--.iCE! Input '.^[^;i.:; ..,n:e ciac. mp'^t 



TESTCOrOITIO.-a-i 



10.3 V 

~7ov " 



WAX i L'MIT 



,: !CS! '"""' c 



>'*) S k -jc: ,r-.- 






4030 VB3= 2.7, -3, 
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P1D7 A cont'd 
read cycle ti.ning reauirsmR'iT.s over 



recommended supply volrscr* range, T A = ? C to ?0 J C 



i Tt„ .rroii.indir.iet.th. edoe of th. chip en.blt, pulse used for reference: t lor the riling edge. 4 for the ftliin 





?aram»:teh 




1 TMS. 


40- 


J ; TMS40Ci 

MAX ' MIN 


1 


TMS406C 


i r 


1 


MAX 


MIN 


ma>h u ^j 


; ':!rd> 


Re^r* cvc'p limp 




! 47c 




'• 430 




400 


! ns 


•vv'CEH' 


f u se v\:dih, c^ir en-*i!e 


t:;h 


300 




<0CSC 260 


400C 


23C 


4000 i r,s 1 


Ll"i CFI - ; 


f-uise m u * r,,ch>r. ena-y; 


IO*v 


130 




1 .'SO 




130 • 


, ns "I 


VICE) 


Chio-t natil.-- ns? 1 m-' 








4-j . 


40 




40 : n=- ! 


: 'fICEi 


Chip-en'tle *a!' lirrr* 




| 




" .jc ! 


40 


40 I r,s i 


t 


Address 5?tuD lime 




i Cl . .. 




! 0? 




Ct 


1 m "j 


-sj(C$i 


Ch:j-se!sct setup time 




1 01 




i or 




or 


j "s j 


|_*su(r(.) 


Re?c s»tup time 




. 1 -?' _ 





i or 




ot 


i -n ] 


'M:'J! 


A^'i-eLs noid time 




! 1E'C* 


150t 




i5or 


m | 


' ^ICS'I 


Chip-select hold ;;•-** 




• lsot 




l 1S0T 




i5or 


f fts l 


'n:'rdl 


flead bold tune 




40 ; 




! 40| 




40 i 


' i" n-H 



g edge. 



r>.ad cycle switching characteristics over recommended supply voltage range, T A = 0°C to 70° C 



( 


PARAMETER 


"i 


fMS4060 T TMS 4060-1 


I 


TMS 40GO 


.7 


I 


— i 


1 


| MIN 


MAX i MIN 


MAX 


! 


MIN 


max 


H 


UNtT 1 


[^'CEI 


A'.-Mis time from chip enaplet 




280 j 


2?0 




iso 


i 


1 

ns 


i—Lr-.^ __. 




i 


300 | 


250 






200 


i 


-srl 


tt»!_v 


Output disable time from high 
01 Ica te^/elf 


! » 


30 




i 
I 


30 




i 


*™ i 


JP7L 


G';tD.it enable time to low level* 


j_ 


250 


200 


i 




~t5cf 


— | 



■•Tail eor.iliiiOi.r: C ; _" 50 or, t, (CE , - 20 ns, Luad » 1 Sones 74 TTL gate 
T -Test co-d.viur.i C ( ■- $0 pF, Load - 1 Series 74 TTL gate. 



write cycle ti: 



<dw» 

Jl''i£EH_l_ 
'.MCE LI 



ling requirements over recommended supply voltage range, T A = 0°C to 70° C 



PARAMETER 



W'-ite cycle time 
Pulse width, chin 



TMS 4050 

MlN MAX 

470 



TMS 4060-1 
MIN 



MAX 



3G0 



-;gso 



430 
2S0~ 



Pulse width, chip triable Id 
vVritt Dulse width 
Gup-e".a ; >le ri.e 'inc 



Chip-enable foil tir 



_lvjj;d._ 
^;suJCS.J_ 

i 'SV I *v_' j_ 

i 'hid-! 



Address setup tine 



Chip-select setup time 



Daia-'D-vwite setur. time* 
Wriiu-culse setup time 



Ada-ess hold time 



_25_0_ I 12C_ 

"200 " ' """j Tgo' 



40 



.. Ct _ 

or 



or 



TMS 4060 2 
MIN M4 



— ) UNIT 



2r ; n 



130 
180"-~ 





' 24 or 



220, 



Lh'.j-seiect hold tim* 



C'.'t-i hold time 



IbO 1 - 

— 4o; — 



150! 



40, 



ISO: 



40 r 



i^q 



I ■- '! he ,?rrow irdic 
*t' fi/i/V is tow Dfff 



ate; Tir> cdrjc of the chip enable pu 



j«d for , ? iarerne: i | OI the ris.ng edge, I for the filing edge, 
i C'E goes high then Ol t-.^tt bo valt.j when CE socs :.:gh. 
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read cycle timing 



CHIP ENABLl". ce 



ADDRESS, A(l - All 



CHIP SELECT, CS 



READ-WRITE, R/W 



DATA OUTPUT, DO 




W^- 



— ';ul'dl 



— 'hlrdl 



'atad! 



MCF.i-- 



H« 1PZL *"j 




r* — 'phz 



FLOATING 



'PLZ 



NOTE- For inc chip enable input, high and low Timing points are 90% and 10% of V)H(CF). Other input timing points ere 06 V (lo*/ljnd 
T i V (high). Output timing points are 0.4 V (lowl and 2 4 V (nigh). 



write cycle timing 



CHIP ENABLE, CE 



ADDRESS, AO - All (/^,\. 



CHIP SELECT. CS 




** '♦ilCSI 

•<"'»ulC$l 



^\W 



READ/WRITE, RAM A!Y'j(\\\A.\.' l -i 

►"' '"• -- 'ivUli-Wtl 

DATA INPUT. Dl \\A,\AA/VA 






'5U(W, I 

!vyiwM 



<hic 






NO"TF ^c-/ she th.pendble inuut, htrjii or.c low imi^ oomr. aa 90% and 10*- o* V )H(CE ) Other npul l.rr.iny points are 6 V Ucwl jrui 
7.2 '. Hugh 1 Output Timing pui.ls. a- ■-• 4V HoaI i:w. 2.4 V <hi<yi) Ounnq the time *iom in*, r iso of CE to the t«ill ot H W . R . tA i» pi-< 
mi'teo 'i» t hi nee Iiot hiflh .o low onty 

read, modify write cycle timing requirements over recommended supply voltage range, T^ = 0°C to 7(f C 







PARAMETER 




1 TMS 4060 i 


TrV.S 


40G0-1 
. MAX 


— T 
_1. 


TMS 4C60-2 
f.'i'N fV.AX 


— i 


UNIT 1 




, Ml'-; 


IV.t.X i 


MIN 


•c 1 R MWI 


R: 


*d, mcaily write cv: ( t 
se "vidth, chip entile 
st? -.vdth, chip eni'y'!.- 


time' 


! 7 '- 


] 


WO 






_i 
| 


5£0 




ns ■ 


'trJCEHi 


Pl 


-ch* 


540 


4000 I 


470 


4000 


4I0 


4000 




ns 1 


: ,mC£L> 


w7 


r>v- 


' ISO 




130 








130 






ns ! 


'vA.vrl 


te-puUe width 




>00 




130 








160 






ns 1 


VCEI 


Ch 
Ch 


p-€n?ble rise time 






4" i 






40 






40 




ns i 


'liCEl 


p-ehuble fall time 
csress setup time 




CI 


40 | 






40 






40 




ns 


l ;ui5d' 


Ad 


or 








o; 




ns 


'i..:XSl 


c- 


:j->ei5ct setup .'me 
.j tr-wite ^tup "in e 
id ;\:ls*- setup t-n-.3 
. e ---lis.; s«r.ur: l-re 





0! 




ot 








or 






r.s 


'S.Jl-c V 





' 


















,M i 


: sut.d; 


: 


ot 

220* 


•* 






or 






'S 


VlilA- 1 








210J 






M 


'n-,::.l 


ti'crs hjld fme 
p-s-: -j.* hcil time 





D^t 





'50t 








150! 






IS 


• i'llC.-ii 


15.-1 


'DOT 





-- 


- 


150T 






' n S ; 


"rv .1! 


;v' : o'ri u.'-ie 
:d -Hii'i 'r e 




2V>' 





730 ; 

40] 


13CT 




" 1 


'K ■ ,' 


fi- 




vj; 


4:; 






OS 1 



* i Ino a* rev* mC.c Jtes :n« Lv^e o* Vic chip-ienftoia pulw d$j; ; o f rdrafence- t ic the rising e-"iqt , i fo; the 'a'iiny edge. 
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2107 A cont'd 
iead, modify write cvc!r switching characteristics over recommended supply voltage range, TV" r C to 7Q"C 



PAfiA^ETER 


7r,"S 


■.V". " T 
MAX MIN 


IS 


'i'. 


•30 I 

MAX 


N 


Tr." 

IN 


" 40 


* 


2 
VAX 

200 


-- WIT \ 


r ;. - AccPi; :t-^ i run cr ic .r-.sl-.itT 




.'?..' 






230 










n: 


'-■- -,: Ac.-. 1 ' ';71'- 'rorTi CLior^ist 


30 


300 






2b0 










n> > 


: 'r y^ i:u"i.jn c'i'ijv ■i.-.e, x'^-to-hiah 

' 'P-.l' - " 
i lev";, r...'t\.; r om write .vjispA 


' 30 










30 








n.< 

I 


:\-r'7. Ci'.rtr.'.', ~ijj":it; tiTie from rucii ^\,ei J " 


1 30 


: 3o 










30 








: n: i 


I 'PZL C.::p. : p.,: itMime t? iow levei- 




i'SC 1 






100 










150 


i " I 



Test conditions. Ci_ -- f*0 nr i. lCE . ^ 20ns, Lraa = I Pe''o( Ta T'Lgde 
+ >il conditions: C L - ( iOp : LOAd = 1 Series 74 TTL pats. 

re.id, modify write cycle timing 



'cIRt.W- 



CHIP ENABLE, Ct 

ADDRESS, A0-A11 /AVx" 



■*- 'hUdl • 



'.vlCEHI- 



~» \*- 'v»(CbL>«y 



3ssssggs^s»£5^ass: 



CHIP SELECT, CS W^^^^_^^^MSIHS^^^^ 



READ/WRITE. R/W £££ (— Wrd 



! fl.d> *■■£; 

DATA INPUT. Dl JffiffSffi yVJ ~ jtgg^g] ~ 

%j '■*— >PI.H 



r^s^^~" 



i ^ 



'ilad) ». 

- 'aiCL' -»■: 



SSta 



DATA OUTPUT. DO 



FLOATING V- 

H»-tPZL +> 



'■■ ; d> 'i 

/\J( O'VI A MODIFIED ** 



v.OTE: Fjc the chip enab'e input, high and low timing points a'e 90% and in'.* c* V (H ( CE j, Other input timing points ar« 0.6 V (low! and 
2.2 V (high). OuiDur timing points ara 0,4 V (low! and 2.4 V (high). 



timing diagram conventions 



TIMING DIAGRAM 
SYMBOL 



MEANING 
INPUT OUTPUT 

FORCING FUNCTIONS RESPONSE FUNCTIONS 



"m 



MZ/ 



Must be steady high or lov,' 

High-to-low changes 
permitted 



Low-to-high changes 
permitted 



Will be steady high or low 

Will be changing from high 
to low sometime during 
designated interval 

Will b-3 changing from low 
to high sometime during 
designated interval 



m& 



Don't care 



State unknown or charging 



(Does net apply) 



Center line is high-impevdance 
off-state 



D.-21U 



j_/ vwm wi*iJJJ.iJX x-'JiivJV J -j.V-L-i. X J_ \J±V i_J 
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.21CT A cont'd 



TYPICAL WAVEFORMS 



V|H 



CHIP ENABLE 



r 



V|L- 

100 r 



IDD ' mA ' 50 f- 



oL 

25 p 
_ 

-25 L 



•l(CE) ImAI 



,, (ir.Al 03 

(All inputs 

sxcept Cfcl L 




ACCESS TIMES vs TEMPERATURE 




10 20 3D 40 50 50 70 

T^ - Free-Air Temperature — C 



300 

250 

c 

- 200 



g IbO 

< 
L "too 

50 





ACCESS TIMES vt LOAD CAPACITANCE 
350, 1 ; 1 1 r 

I I I I 

TMS 4050 MAX i I 

—ri-T-r 

TMS 4060-1 MAX I i ! 

i I 1 1 1 • — rv-, 

i \ : ■ .„.,, T »isj°52-I— 

TMS 4060-7 N^_lt ? -^^"^JC00J_- 




TYPICAL SLOPE' 0.25 n;/pF ; 

_l_4_-~f- -—- 

ill T A-?5 = C 



± 



25 50 75 100 12fc ISC 175 2Cr 
C|_ — Loan Capacitance - P'' 
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D COMPONENT DESCRIPTIONS 
D.8 MEMORIES 



2107 A cont'd 



PEI-RZSH T!f'F .■<. TEMPERATURE 



AVERAGE CURRENT vs T EM P E '? AT:., RE 



1 000 




10 20 30 40 50 60 70 

T^ - Free-Air Temperature — C 



O 35 



w 


30 


> 

o 

Q 


25 




2C 




15 




CURRENT MEASURED A" 
-MINIMUM CYCLE TIMES 



10 20 30 40 50 60 70 
T^ — Free-Air Temperature — C 



D-216 



Books 



Basic 



Robert L. Albrecht, LeRoy Finkel, and Jerald R. Brown 

John Wiley & Sons, Inc. 



Microprogramming Handbook 

My Computer Likec Me 

101 Basic Computer Games 

What To Do After You Hit Return 

Structured Programming 



Microdata 

Dymax 

Digital Equipment Corp. 

Peoples Computer Company 

O.J. Dahl; E.W. Dijkstra; C.A.R. Hoare 

1972 Academic Press, New York 



The Logical Design of Operating Systems 



Alan C. Shaw 

197U Prentice-Hall, INC, 

Englewood Cliffs, NJ 



Fundamental Algorithms -The Art of Computer Programming Donald E. Knuth 

Addison-Wesley Pub. Co. INC. 
Menlo Park, Calif. 

Zvi Kohavi 

McGraw-Hill Book Co. New York 

T.E. Hull 

1966 Prentice-Hall 

Carton C. Foster 

1970 Van Nostrand Reinhold Co. 

U50 W. 33rd St., NY, NY 



Switching & Finite Automat Theory 
Introduction to Computing 
Computer Architecture 



Introduction to Artificial Intelligence 

Introduction to Computer Organization & Data Structure 

Introduction to Micro Computer 



Philip C. Jackson 
Petrocelli Books, New York 



Harold S. Stone 
McGraw-Hill 1972 



Micro-Computer Dictionary and Guide 

Computer Chess 

The Elements of Programming Style 



Adam Osborne 

Osborne And Associates Inc. 

2950 Seventh St .Berkeley , Calif . 

Charles Sippi 

Monroe Newborn 

Brain W. Kernighan/P. J. Plauger 
McGraw-Hill, New York, N.Y. 197^ 



9A7IO 



Designing Logic Systems Using State Machines Christopher R. Clare 

McGraw-Hill 



T T L Cookbook 



Computer Lib/Dream Machines 



New York, New York 1973 

Don Lancaster, Howard W. Sams & Co. 
Indianapolis, Indiana 197^ 

Theodore H. Nelson 

Hugo's Book Service, Box 2622, Chicago. 
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Periodicals 



Byte Magazine 
Petersboro, New Hampshire 
03^58 

Computer Decisions 

Hayten Publishing Co., Inc. 

50 Essex St. 

Rochelle Park, NJ 

.07662 

Computer Design 
221 Baker Ave. 
Concord, MA 
017^2 

Computer Magazine 
McGraw-Hill Publications Inc. 
1221 Avenue of the Americas 
New York, N.Y. 
10020 

Data Communications 
McGraw-Hill Publications, Inc. 
1221 Avenue of the Americas 
New York, N.Y. 
10020 

Datamation 

1801 S. La Cienega Blvd. 

Los Angeles, CA 

90035 

Digital Design 

Benwill Publishing Corp. 

167 Corey Rd. 

Brookline, MA 

021U6 

E.D.N. 

221 Columbus Ave. 

Boston, Mass. 

02116 



Electronic Design 
Hayden Publishing, 
50 Essex St. 
Rochelle Park, NJ 
07662 



INC. 



Electronics Magazine 
McGraw-Hill Publications, INC. 
1221 Avenue of the Americas 
New York, N.Y. 
10020 

Electronic Products 
Gh5 Stewart Ave. 
Garden City, N.Y. 
11530 



Elementry Electronics 
Davis Publications, INC. 
229 Park Ave. So. 
New York, N.Y. 
10003 

Infosystems 
Hitchcock Building 
Wheat on, 111. 
60187 

Mini/Micro Systems 
5 Kane Industrial Dr. 
Hudson, Mass. 
017^9 

Popular Electronics 
Ziff-Davis Publishing Co. 
Editorial & Executive Office 
One Park Ave. 
New York, N.Y. 
10016 

Popular Mechanics 
Hearst Corp. 
22*4- West 57th St. 
New York, N.Y. 
00019 

Popular Science 
380 Madison Ave. 
New York, N.Y. 
10017 

Radio Electronics 

Gernback Publications, INC. 

200 Park Ave So. 

New York, N.Y. 

10003 

Creative Computing 
Ideametrics 
P.O. Box 789-M 
Morristown, NJ 
07960 

IEEE Spectrum 

The Institute of Electrical and 

Electronics Engineers, INC. 

3^5 East U7 St. 

New York, N.Y. 

10017 

Computer & People 
815 Washington St . 
Newtonville, MA 
02160 
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Periodicals cont'd 



Data Processing Peoples Computer Company 

13U N. 13th St. P.O. Box 310 

Philadelphia, PA Menlo Park, Calif. 

19107 9^025 



F-3 



Sphere Users Groups 



Warren Weimer 
23025 Kinard 
Carson, Calif< 9071+5 

Long Island Computer Assoc. 

P.O. Box 861* 

Jamaica, New York lll+31 

CACHE 

c/o Robert Swart z 

195 Ivy Lane 

Highland Park, 111. 60035 

Midwestern Affiliation of Comp. 
P.O. Box 83 
Brecksville, Ohio l+l+ll+l 

Atlanta Ham Festival 
53 Old Stone Mill Rd. 
Marietta, Georgia 30062 

LLLRA Hobbiest Computer Club 

c/o Gordon Jones 

1+257 Findlay 

Livermore, Calif. 9^550 

Chesapeak Micro Compt. Club 

% Dr. Jerald Zegar Esq. Suite 201 

73 38 Baltimore Ave. 

College Park, Maryland 2071+0 

Villa West Compt. Society 
% Michael McGinnis 
13613 So. 86th Ave. 
Or land Park, 111. 601+62 

NECS 

% Carl Helmers 
Byte Magazine 
Peter sborough, NH 031+58 

Canadian Computer Club 
c/o Harold Dye Jr. 
i860 Windmere Dr. N.E. 
Atlanta, Georgia 3032*+ 

Cresent City Comput. Club 

Atn: Bob Latham 

Univer. of New Orleans 

Box 1097 Lakefront 

New Orleans, Louisiana 70122 

Texas Amateur Compy. Club 
% Bill Fuller 
2377 Dalworth, Apt. 157 
Grand Prarie, Texas 75050 



Trenton State Col. Digital Cp. 
Dept. of Engineering Tech. 
Trenton State College 
Trenton, New Jersey 08625 

Southern Calif. Comp. Society 

Ward Spaniol 

Box 987 

South Pasadena, Calif. 91030 

Amateur Compt. Group of N.J. 

S. Libes 

V. C.T.I. 

1776 Raritan Rd. 

Scotch Plains, NJ 07076 

Homebrew Computer Club 

Box 626 (I93 Thompson Sq. ) 

Mountain View, Calif. 9l+0l+2 

Personal Systems 
10137 Caminite Jovial 
San Diego, Calif. 92126 

John Blackball 

3608 Larchmont Sq. Lane 

Sacramento, Calif. 95821 

Denver Amateur Compt. Club 

Jerry Fife 

Box 6338 

Denver, Colo. 80206 

Oklahoma City Club 

Bill Cowden 

21+12 S. W. l+5th 

Oklahoma City, Oklahoma 73119 



People Compt. Comp. 
% Dymax 
P.O. Box 310 
Menlo Park, Calif. 



91+025 



Micro 8 Compt. User Group 
Hal Singer 

Cabrillo Computer Center 
1+350 Constellation Rd. 
Lompoc, Calif. 931+36 

Cleveland Digital Group 

1200 Seneca Blvd. 

Apt. 1+07 

Broadview Heights, Ohio 1+1+11+7 



Computers For Hobbyists 

Mike Hayes 

Box 36T 

Jamul. Calif. 92035 
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G ASSEMBLY INSTRUCTIONS 
G.l KIT ASSEMBLY INSTRUCTIONS 



WARNING 1 

SOLDER EACH PIN CAREFULLY AND COMPLETELY FROM THE BACK OF THE 
BOARD WITH A SOLDERING IRON ( NOT A SOLDERING GUN ) AND DO NOT 
LEAVE A HOT TIP ON THE IC PIN OVER 5 SECONDS. 

WARNING 2 

WHENEVER A CPU, ACIA, PIA (UO PIN IC), 1702 PROM {2k PIN IC), UK 
DYNAMIC MEMORY (22 PIN CHIPS) OR ANY OTHER CHIP IN BLACK FOAM OR 
A SPECIAL PACKAGE IS REMOVED OR HANDLED USE CAUTION TO PREVENT 
STATIC CHARGE. USE SPECIAL PLASTIC SHIPPING PACKAGE TO HOLD THE 
IDLE IC CHIP SINCE IT IS CONDUCTIVE AND PREVENTS STATIC CHARGE 
BUILDUP. IT IS ADVISABLE TO "GROUND" YOURSELF PRIOR TO HANDLING 
THIS IC, ESPECIALLY IF YOU ARE ON A CARPET. 

CHECK PARTS procedure: When Kit arrives check all items against 
the Parts List. If any part appears to he missing, check against 
any extra parts. Some equivalent substitutes may have been sent 
to avoid delays in shipping. If a shortage exists, SPHERE will 
mail any actual shortages you request within two weeks . Check the 
entire shipment as only one "missing parts" request will be handled. 
All other requests for parts will be considered purchases. All 
parts that are in parenthesis on the parts list are optional and 
are not provided by SPHERE. 

NOTE I 

The printed circuit board is marked with labels to identify location 
of parts. Each label includes a letter prefix followed by a number 
Each letter identifies a particular type of component. A list of 
component types and identifiers is included below: 



c 


CAPACITORS 


D 


DIODES 


E 


INTEGRATED CIRCUITS 


L 


" INDUCTOR 


Q 


TRANSISTOR 


R 


RESISTOR 


X 


CONNECTOR SOCKET 



To aid location of parts, a parts layout is provided for each board. 
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G ASSEMBLY INSTRUCTIONS 
G.l KIT ASSEMBLY INSTRUCTIONS cont'd 

NOTE II 



Most sockets and IC's are to be mounted with PIN 1 located in the 
lower left corner (with printed circuit board writing in normal 
position). On a chip or socket PIN 1 is designated by the notched 
end or the dot to the left or a bar. PIN 1 on PC board is marked 
with extra dot of etch. 



TOP OF IC 



T 

PIN 1 



TOP OF IC 



r 

PIN 1 





f 




p| 




n 






o 




o 




o 


PC 
BOARD 


<y 


<~J 


<J 


t 


PIN 


1 











If any problems develop in the function of a board the theory of 
operation should be used in conjunction with the schematic to 
debug the module. 



IMPORTANT 

Read all instructions before handling the parts as damage may result 
if the parts are improperly handled. 



G.l.l ASSEMBLY INSTRUCTIONS FOR KBD/2 



CHECK PARTS - When Kit arrives check all items against the Parts 
List. If any part appears to be missing, check against any extra 
parts. Some equivalent substitutes may have been sent to avoid 
delays in shipping. 



SOCKET INSERTION - Place ik pin dual-in-line socket on front 
side of board in position X20. Carefully solder socket in place. 
Check with ohm meter. 



RESISTORS & CAPACITORS - Carefully bend leads of resistors and 
capacitors to required length and insert on front side of board 
in positions shown on layout sheet. Solder carefully and cut off 
extra lead lengths. Insert and solder resistor networks with PIN 1 
to the right. 

INTEGRATED CIRCUITS - Most Integrated Circuits (IC's) come with 
the leads spaced a little wider than the printed circuit board 
layout holes. Remove each of the IC's one at a time and press 
carefully one side of the pins on a hard surface. Repeat on the 
other side and fit into P.C. board position holes. If IC is still 
too wide, repeat this process carefully until the parts fit into 
their proper location. BE SURE PIN 1 IS IN THE PROPER PLACE . 
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G |sSEMBLY INSTRUCTIONS 
Gil KIT ASSExMBLY INSTRUCTIONS 
G'.l.l ASSEMBLY INSTRUCTIONS FOR KBD/,2 cont'd 

KEYBOARD - Place the keyboard assembly on the PC hoard being very 
j careful not to bend the many pins. Solder the keyboard in place 

being sure that enough solder is used to make good electrical con- 
tact. Do not overheat the terminals. 

INSPECTION: 

NOTE 

CAREFUL INSPECTION WILL SAVE MANY 
HOURS OF DEBUGGING LATER. 

Procedure: Using a magnifying glass examine each solder joint and 
printed circuit trace for problem "splashes" or "cold" joints. 



NOTE 

The KBD/2 is capable of producing both upper and lower case characters 
if desired. However most software is not able to recognize that 
A=a. To inhibit lower case characters: 

1. Cut etch between ASCII and FULL 

2. Cut etch between E7-U and E7-13 (near Pin 13 there is 
a loop for that purpose). 

3. Add a jumper from ASCII to MOD along the dotted line 
k. Add a jumper from FULL to KJ-k (soldering to leg of 

the IC is o.k. ) . 

This will cause the normal, unshifted characters to be UPPER case, 
the shifted position to be lower case. Involved are the alphabetic 
characters and @,\»A* 

KEYBOARD PHYSICAL ATTACHMENT - Using spacers and screws provided 
mount the keyboard to the metal cover. Mount the metal cover to 
the metal base by first inserting the side screws (one on each 
side) then the three screws under the front of the base. 

KEYBOARD ELECTRICAL ATTACHMENT - Using the one lU conductor cable 
provided with a connector at each end connect Keyboard X20 to 
CPU/2 XU being sure Pin 1 is connected to Pin 1. 



0-3 



G ASSEMBLY INSTRUCTION 
G.l KIT ASSEMBLY INSTRUCTIONS 
G.l.l ASSEMBLY INSTRUCTIONS FOR KBD/2 cont'd 



KEYBOARD PARTS LIST 



. REF 


SCHEMATIC 


C000027 






1 


PC BOARD 


E000028 






1 


ALPHANUMERIC KEYBOARD 


873-1018U 






1 


CAPACITOR 100UF 10V 


DDM-103 


C9 




1 


CAPACITOR .OIJJF 




C7 




1 


CAPACITOR 100PF 




C6 




1 


CAPACITOR .2UF 




C5 




1 


CAPACITOR .OOLJJF 




Ck 




k 


CAPACITOR .lJJF 50V 


CK10i+ 


C1,C2,C3,C8 




1 


RESISTOR 1*7K lAW 


RC07GFU73 


R18 




1 


RESISTOR 10K l/UW 


RC07G-F103 


R17 




2 


RESISTOR NETWORK 


750-81-R33K 


R2-8,R10-l6 




8 


RESISTOR 3.3K 1/UW 


RC076F332 


Rl,9,19-2i+ 




1 


SOCKET, lU PIN IC 


3llt_A639D 


X20 




1 


DUAL D FLIP FLOP 


SN7U7UN 


E12 




1 


: QUAD 2 INPUT NAND 


SN7 1 +00N 


Ell 




1 


' QUAD 2 INPUT AND 


SN7^08N 


! E10 




1 


! HEX INVERTER 


SN7U0UN 


j E9 




1 


QUAD EXCLUSIVE - OR 


SN7 1 +86N 


• E7 




1 


! DUAL ONE SHOTS 


SN7 1 +123N 


! E6 




1 


BCD TO DECIMAL DECODER 


SN7442N 


j EU 




1 


; 16 TO 1 MULTIPLEXER 


SN7U150N 


i E3 




2 


HEX BUFFER/DRIVER 


SN7 1 +Q7K 


E2,E8 




2 


h BIT BINARY COUNTER 


SN7 1 +93N 


j E1.E5 
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G ASSEMBLY INSTRUCTIONS 
G.lj KIT ASSEMBLY INSTRUCTIONS 
G.1.2 ASSEMBLY INSTRUCTION FOR MEM/l 



ik PIN SOCKET INSERTION - Place IC il| pin sockets in positions 

XI, X2, X3 and X6 on front (writing) side of board. Solder sockets 

carefully in place. Verify good solder joints with an ohm-meter. 

INTEGRATED CIRCUITS - Most Integrated Circuits (iC's) come with 
the leads spaced a little wider than the printed circuit board 
layout holes. Remove each of the IC's excep t the memory chips 
one at a time and press carefully one side of the pins on a hard 
surface. Repeat on the other side and fit into P.C. board 
position holes. If IC is still too side repeat this process 
carefully until the parts fit into their proper locations. 
BE SURE PIN 1 IS IN THE PROPER PLACE . See layout sheet and 
Parts List for positions. 

DIODES AND RESISTORS - Carefully bend leads of diodes and resistors 
to required length and insert on front side of board in positions 
shown on layout sheet. Solder carefully and cut off extra lead 
lengths. Leave the 2 Ohm Resistors slightly off the board as they 
get warm. 

TRANSISTORS - Insert transistors on the front side of the board 
in positions shown on layout sheet. Be aware of the correct 
positioning of the transistor before inserting it into the circuit 
board. 

CAPACITORS - Insert capacitors on front side of board in positions 
shown on layout sheet. Solder carefully and cut off extra lead 
lengths. Note the polarity of the larger capacitors, (lOOuf lOv, 
UTuf l6v. ) 

. UK DYNAMIC MEMORY (22 PIN CHIPS) - Your memories have been pretested 
at the factory. Carefully remove Memory Chips from packing tube 
and insert into the first column of 8 designated positions. Be 
sure to take precautions to ground yourself before inserting them 
into the circuit board. Test board with first bank in place. If 
a failure should be noted, your grounding precautions may not be 
adequate. A single ship accounts for one bit in an 8 bit word 
and can usually be detected easily by writing in all zeros and 
reading back. Note that all banks are common and a failure would 
affect the other 3 columns also. For this reason it is best to 
insert and test 1 bank of 8 at a time. You may order replacement 
Memory chips from Sphere. Use a grounded soldering iron. As 
alternative to this procedure is to use 22 pin IC sockets. Insert 
and solder the sockets in place. Then carefully insert the memory 
chips. (Sockets are also available from Sphere). 
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ITEM 


QTY 


PART WO. 


DESCRIPTION 


DESIGN. 


v/ 


1 


1 


MEM/1 


P.O. BOARD - 


MEM/1 




2 


1 


SNTi+123 


ONE SHOT 


E7 




3 


1 


SNT^OO 


NAND GATES 


e6 




k 


1 


SN7 ) +02 


NOR GATES 


E3 




5 


1 


SN7 1 +0*t 


INVERTER 


El 




6 


1 


SN7 1 t08 


AND GATE 


E5 




7 






SPARE 


E2 




8 


1 


SN71+83 


FULL ADDER 


E8 




9 


2 


DM8098 


BUFFER 


El 0, Ell 




10 


1 


SN7 1 tl56 


2 Line to 1+ Line DEMUX 


E9 




11 


32 


ZA-0U28 


ItKX 1 DYNAMIC RAM 


E12-E1+3 




12 






SPARE 


EU 




13 


k 


2N2369A 


TRANSISTOR 


Ql-Qit 




ll+ 


3 


lNi+001 


DIODE 


D3-D5 




15 


1 


1N91^ 


DIODE 


Dl 




16 


1 


1N5225B 


3.0V ZENER 


D2 * 




IT 


k 




RESISTOR, lOOohm 2w 


R6-R9 




18 


k | 




RESISTOR, 3.3K l/W 


R2-R5 




19 


1 




RESISTOR, 33K l/W 


Rl 




20 


1 




RESISTOR, 100 ohm l/W 


RIO * 




21 


1 




CAPACITOR, 33pf 


Ck 




22 


k6 




CAPACITOR. .1 uf 


C1-3.C5-7.C1W53 




23 


1 




CAPACITOR. 100 uf lOv 


C12 




2k 


5 




CAPACITOR, kl uf l6v 


C8-C11,C13 




25 


k 


3lU-A6'39D 


lit PIN SOCKET 


X1-X3.X6 




26 


5 




RESISTOR 510 ohm l/W 


R11-R15 


,— - — — • — —\ 


*Parts not 


used t>u 


t jumper -3 t 


-5 when -5v RAMS used 
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G ASSEMBLY INSTRUCTIONS 
G.l KIT ASSEMBLY INSTRUCTIONS 
G.1.3 ASSEMBLY INSTRUCTIONS FOR CRT/lA 

SOCKET INSERTION - Place ik pin sockets in positions XI, X2, X3, 

X6 on front side of "board. (X5 is optional on this board). Place 
2k pin sockets in E8, ElU, E20, E25 and E30. Solder sockets 
carefully in place. Verify good solder joints with ohm-meter. 

■ DIODES AND RESISTORS - Carefully bend leads of resistors and diodes 

to required length and insert on front side of board in positions 
shown on layout sheet . Solder carefully and cut off extra lead 
lengths . 

' TRANSISTORS - Insert transistors on front side of board in positions 

shown on layout sheet. Be aware of the correct positioning of the 
transistor before inserting it into the circuit board. 

CAPACITORS - Insert on front side of board in positions shown on 

layout sheet. Solder carefully and cut off extra lead lengths 
Note the polarity of the larger capacitors, (lOO^F lOv, kj^F l6v) 
There will be a "+" on the capacitor and a "+" on the PC Board 
which must be aligned. 

INTEGRATED CIRCUITS - Most Integrated Circuits (IC's) come with the 

leads spaced a little wider than the Printed circuit board layout 
holes. Remove each of the IC's one at a time and Press carefully 
one side of the pins on a hard surface. Repeat on the other side 
and fit into P.C. Board position holes. If IC is still too wide, 
repeat this process carefully until the parts fit into their proper 
locations. BE SURE PIN 1 IS IN THE PROPER PLACE. Solder each pin 
carefully and completely from the back of the board. See the layout 
sheet and Parts List for positions. 



DO NOT REMOVE 2k PIN LARGE IC's FROM PACKAGE UNTIL 2k PIN 
SOCKETS HAS BEEN SOLDERED IN PLACE ON THE P.C. BOARD. USE 
SPECIAL PLASTIC SHIPPING PACKAGE TO HOLD THE IDLE IC CHIP SINCE 
IT IS CONDUCTIVE AND PREVENTS STATIC CHAGE BUILDUP. MOS devices 
may be damaged by static charge. 

2k PIN CHIPS - Carefully remove the 68l0's memories and 2513 character 
generator 2k pin ships form packages and insert with pin 1 in the proper 
locations . 

INSPECTION - Following assembly, inspect carefully all Solder joints 
and lines for problem splashs or "cold" joints. 
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G ASSEMBLY INSTRUCTIONS 
G.l KIT ASSEMBLY INSTRUCTIONS 
G.1.3 ASSgaBLY INSTRUCTIONS FOR CRT/lA cont'd 

VIDE0 MONITOR - If a Video Monitor is used, connect composite 

VIDEO wires to the pads lableled "COMP VIDEO OUT and GND". Add 
a jumper from +5v to DU along the dotted line shown. 

TELEVISION TRANSMITTER - If you want to connect up to a commercial 

TV the TV XMIT circuit area must be built. Parts for it are shown 
in U in the parts list and the Schematic shows the circuit. By 
placing a shield can over the completed TV circuit after laying a 
section of TV antenna Twin Lead along the shown path, you will 
eliminate most radiation. Components will not be supplied by SPHERE 
Corp. The circuit was not implimented because FCC regulations make 
this form of implementation impractical. If implemsnted you do so 
at your risk. Solder the twin lead antenna to the feed throughs at 
thelo^Ttches^ " GrOUnd " and ' ,Ant enna" etch paths, not directly to 
ADDRESS INTERFACING 

Your CRT interface board comes pre-addressed for E000 to 
E1FF (hex notation). If your programs want to use another address 
or if you use this board as a Satellite you can change its address 
as shown in the following table. Note that A9, A10, and All straps 
along the left side and that the Solid etch must be cut before 
the dashed line is jumpered in. 



TABLE 1 

Address 



E000 - E1FF 

E200 - E3FF JEj 

Eh00 - E5FF XlO 



Change Lines 
none 



- Efe g - HI AQ and A1Q 

E800 - E9FF A11 



E^g ~ &3FF All and A9 

EC g - EDFF AH B ,r,d A1C ~ 

EE ^ - EFFF aiTTKT— j jQ9~ 
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G ASSEMBLY INSTRUCTIONS 
G,l KIT ASSEMBLY INSTRUCTIONS 
G.1.3 ASSEMBLY INSTRUCTIONS FOR CRT/1A cont'd 



CRT PARTS LIST 



ITEM 



QNTY 



PART# 



DESCRIPTION 



DESIGNATION 



10 



11 



12 



13 



lU 



21. 



16 



17 



18 



19 



20 



21 



22 



23 



21+ 



*?.6 



27 



28 



29 



30 



31 



32 



33 



3k 



35 



36 



37 



38 



39 



Uo 



~kT 



_i_ 

4 



(1) 



XL 



MD 



Jill 



24 



(1) 



KD 



1(2) 



(i) 



111 



(1) 



8(2) 



CRT/1 



P.C. Board 



31U-AG39D 
SNT^OO 



14 Pin Socket 



X1-X3,X6 



Quad NMD Gat; 



E24,E19 



mikok 



HEX Inverter 



E13,E17 



SU7405 



HEX Inverter 



El6 



SN7408 



Quad AND Gate 



E26,E27 



SN7409 



Quad AND Gate PC 



E12 



SN7420 



Dual NAND Gate 



E18 



SN7^30 



NAND Gate 



E7,E15 



SN7451 



Dual AND/OR Gate 



E28 



SN7H7^ 



Dual D F/F 



E23 



SNTJL90 



4 bit Dec. Cntr. 



E22 



SN7 i +93 



4 bit Bin. Cntr. 



e6,eiq,eii 



smk95 



4 bit Shift Reg. 



E9,E21 



SN74123 



Dual Monostable 



E31 



SN74157 



Quad MUX 



E3,E4,E5 



NE555 



Timer 



E29 



2513N 
(CM2140) 



ASCII Char. Gen. 



E8 



DM8833 



Quad T/R 



Elj_E2 



MCM6810 



128 x 8 Static RAM 



2N2222Aor2N5129 Transistor 



2N918 



Transistor 



LI 



Inductive Coil 



1N914 



Diode 



47 uf 



Cap. l6 vdc 



100 uf 



Cap. 10 vdc 



.1 uf 



Capacitor 



,01 uf 



,001 (IK) 



Capacitor 



Capacitor 



27 Pf 



47 pf 
470 pf 



Capacitor 



Capacitor 



Capacitor 



8-25 Pf 



Capacitor, var 



20K 



Resistor, var 



5K 



Resistor, var 



50K 



Resistor, var 



22 



Resistor 



20K 
470 



Resistor 



Resistor 



IK 



Resistor 



3.3K 



Resistor 



E14,E20,E25,E30 



Ql 



(Q2) 



:ld 



D1-D3,(dU),D5 



C35 



Cl,(C3i; 



C2-CT4 ,C17-C19 , C21-C22 
C26-C28,C30,C33,C36 



C29 



C20,C34,C38 



(C23) 



(Cl6),C37 



CI5,(C2l)),(C32) 



(C25) 



R19 



R20 



R22 



:ri3) 



R17,Rl6 



(R4) 



R2,R3,R6-R9,(R12) 
(R15),R18,R23 



1 41 


1 


47,l/2v 


Resistor 


R10 




I U2 


1 


100,l/2w 


Resistor 


Rll 




! ki 


1 kh 


2 


10K 


Resistor 


R1,R5 




l k5 


(1) 


2.2K 


Resistor 


(RlU) 





R21 
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G ASSEMBLY INSTRUCTIONS 
G.l KIT ASSEMBLY INSTRUCTIONS 
G . lX ~ASSEMBLY INSTRUCTIONS FOR CFU/2 

SOCKET INSERTION - Place IC Ik pin sockets in positions XI, X2, 

X3, X-U, X5 and X6 on front side of board. Place the 22 pin sockets 

in E2, E5, Ell, E1T, E19, E26, E3k and E36. Place the 2k pin 

sockets in E6, E12, E20 and E35 and place the Uo pin sockets in E3 and E50- 

Solder sockets carefully into place. Verify good soldering techniques 

with ohm-meter. 

INTEGRATED CIRCUITS - Most Integrated circuits (iC's) come with 

the leads spaced a little wider than the Printed circuit board 
layout holes. Remove each of the small IC's one at a time and 
Press carefully one side of the pins on a hard surface. Repeat 
on the other side and fit into P.C. board position holes. If IC 
is still too wide, repeat this process carefully until the parts 
fit into their proper locations. BE SURE PIN 1 IS IN THE PROPER 
PLACE. (The notched end to the Left or the Dot by the lower left 
corner). Solder each pin carefully and completely from the back 
of the board with a soldering iron ( Not a Soldering Gun ) and do 
not leave a hot tip on the IC pin over 5 seconds. See the Layout 
sheet and Parts List for positions. 

DIODES AND RESISTORS - Carefully bend leads of resistors and 

diodes to required length and insert on front side of board in 
positions shown on layout sheet. Solder carefully and cut off 
extra lead lengths. 

TRANSISTOR - Insert transistors in board observing polarity and 

solder into place. 

CAPACITORS - Insert on front side of circuit board in positions 

shown on layout sheet. Note the polarity of larger capacitors, 
(100 F lOv, 1*7 F l6v). Solder carefully and cut off extra lead 
lengths . 

kK DYNAMIC MEMORIES - Remove 22 Pin Chips carefully from the 

Shipping Container and insert into positions E2, E5, Ell, E1T, 
E19, E26, E32, and E3k. Be sure to take precaution to ground 
yourself before inserting these into sockets on the circuit board . 
If memories are soldered directly, be sure to ground the soldering 
iron tip. 

1702 PROM - Carefully remove 1702 PROM 2k pin chip from package 

and insert with Pin 1 mark (-normally writing will also be in 
proper position when Pin 1 Mark is) at lower left corner. 
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g a'ssembly instructions 
g.,1 kit assembly instructions 

d.l.h ASSEMBLY INSTRUCTIONS FOR CPU/2 cont'd 

i CPU AND PIA ko PIN CHIPS - Carefully remove CPU (6800) ko Pin 

chip from package and insert with raised dot OR single alphabetic 
character as Pin 1. Repeat with 6820 PIA Chip. 

INSPECTION - Following assembly inspect carefully all solder joints 
and lines for problem splashes or "cold" joints. 

REAL - TIME CLOCK 

The real-time clock is located on the CPU board. It is located 
immediately left of E8 and is denoted by the symbols "RTC". Below 
is the layout of the clock oh the PC Board. 

C^.256 

128 



J 



RTC 0" 32 

MODIFICATION - The clock is pre-strapped to 6k interrupts per 

second.* If 32j 128, or 256 interrupts per second are desired, 
the etch to 6k must be carefully cut. An insulated wire (20 to 
30 Gage) should be soldered into place between the common point 
and the selected interrupt rate. To disable the clock entirely, 
jumper the common point to the location labeled GND above and to 
the right of E13. To use the CA1 line of PIA E3 for other than 
RTC purposes, all connections to the RTC must be disconnected. 

*The number of interrupts per second is derrived from the refresh 
clock (2 ms) and is approxamate. 

Teletype driving circuit 

To use either the 20 ma or RS232 interface the parts listed in 
the assembly 2 parts list must be used. 



• RS232 Serial interface add strap from PB0 to the right and PB7 
to left. Connect terminal to T x , GND and R*. 

20 ma Serial interface Add strap from PB0 down and PB7 to the right. 
Connect terminal to COM, R x and T x . 

NOTE 
When using the CPU/2 as a one card computer the CPU clock must be 
regulated to 1.5 us +_ 2% to syncronize the CPU with the 110 baud 
I/O device attached. Elk is used to slow down the clock if necessary. 

PQ^ ^p(RS232) 

B ! 

1 (20 ma) 

(RS232) _ (20 ma) 

PBT 
G-ll 



Rpyp 


REF 


61 


SCHEMATIC 


D000019 






1 


1 


6o 


PRINTED CIRCUIT BOARD 


E000020 






1 


1 


59 


TRANSISTOR 


2N2369A 


Ql 




2 


2 


58 


CAPACITOR CERAMIC 68pf lkv 


DD-680 


C2 ) 4,3C 




3 


3 


57 


CAPACITOR CERAMIC 33pf lkv 


DD-101 


C21,27,31 




3 


3 


56 


CAPACITOR CERAMIC lOOpf lkv 


DDM-103 


C17,22,23 






2 


55 


CAPACITOR CERAMIC .Oluf 150v 


DDM-103 


Cl6,26 


i 


1 


1 


54 


CAPACITOR TANTULUM lOOuf 10VDC 


C5 




Q 


9 


53 


CAPACITOR 4juf 16VDC 


EK47116 


C2, 3, 10, 11, 13, 18, 28, 29,32 




12 


li 


52 


CAPACITOR CERAMIC .luf 50V 


CK-104 


Cl, 4, 6-9, 12, 14,15,19, 20,25 




2 


2 


! 51 


RESISTOR i+.Tk ohm l/W 


RC07GF472 


R2W27 




9 


2 


50 


RESISTOR 10 ohm l/4v 


RC07GF100 


R23,26 




2 


2 


49 


RESISTOR 22 ohm l/k w 


RC07GF220 


R22,25 




3 


3 


U8 


RESISTOR 10k ohm l/4w 


RC07GF103 


R21,28,30 




1+ 


3 


^T 


RESISTOR Ik ohm l/4w 


RC07GF102 


R17,1931,32 




X 


- 


46 


RESISTOR 510 ohm l/W 


RC07GF511 


Rl6 




2 


2 


45 


RESISTOR 470 ohm l/W 


RC07GF471 


R15,33 




1 


1 


44 


L RESISTOR 


RC07GFSEL 


Rl4 




1 


1 


^"43 


RESISTOR 33k ohm l/W 


RC07GF333 


R13 




1 


1 


42 


RESISTOR Ilk ohm l/4w 1% 


RNC65H2712F 


R12 




i 


1 


4i 


RESISTOR 27. Ik ohm 1/4 1# , 


RNC65H2712F 


Rll 




1 


1 


4o 


RESISTOR 15k ohm 1/W 


RC07GF153 


RIO 




1 


- 


39 


RESISTOR 2k ohm l/W 


RC07GF202 


R9 






5 


38 


RESISTOR 3.3k ohm l/W 


RC07GF332 


R7, 8, 18, 20, 29 




1 


L 1 


37 


RESISTOR 130 ohm 2w 


RC42GF131 


R6 




"I 


- 


36 


RESISTOR 820 ohm lv 


RC32GF821 


R5 




1 


- 


35 


RESISTOR 1.1k ohm lw 


RC32GF112 


R4 




O 


2 


34 


RESISTOR 36k ohm l/W 


RC07GF363 
RC07GF101 


R2,3 
Rl* 




1 


1 


33 


RESISTOR 100 ohm l/W 




6 


1+ 


32 


DIODE 


1N4001 


D5, 6, 7, 8, 10, 11 




5 


5 


31 


DIODE 


1N914 


D2,3,4,9,12 




1 


1 


30 


_ZENER DIODE 3V 


1N5225B 


Dl* 




8 


8 


29 


22 PIN IC SOCKETS 


CA 22-CSITSD 









2 


28 


40 PIN IC SOCKETS 


340-A639D 
324-A639D 
314-A639D 


XE3,50 

XEo,12,20,35 

X1-X6 




9 


4 


27 


24 PIN IC SOCKETS 




6 


1+ 


26 


14 PIN IC SOCKETS 




1 


- 


25 


QUAD RECEIVER - RS232 


MCIU89 


E52 




-i 


L x 


24 


QUAD TRANSISTOR 


MiPG6842N 


E51 




1 


1 


23 


MICROPROCESSOR 


MC6800 


E50 




1 


1 


22 


QUAD EXCLUSIVE OR 


SN 7486N 


E49 




I 


- 


21 


QUAD TRANSMITTER-RS232 


MC1488N 


E46 




2 


2 1 


20 


QUAD TRI-STATE TRANSCEIVER 


DM8833N 


E42^43 




2 


9 1 
'- ,i 


19 


HEX INVERTER W/OC 


SN7405N 


E4o,4l 




-- 


1 


18 


DUAL ONE SHOTS 


SN74123N 


E38 




p 


2 


17 


QUAD 2-INPUT NAND GATE 


SN7400N 


E32,E39 




2 


- 


16 


PHOTO COUPLER 


4N33N 


E30,E31. 




i 


1 


15 


HEX INVERTER 


SN74o4n 


E29 




1 


1 


14 


QUAD 2 INPUT AND GATE 


SN7408N 


E28 




- 


- 


13 ' 


(SPARE) 




E25 




5 


5 


12 


TRI-STATE HEX BUFFER 


DM8097N 


E15,2l,44,47,48, 




2 


2 


11 


TRIPLE 3-INPUT AND GATE 


SN7411N 


El4,l8 




1 


1 


10 


* 4-LINE TO 10 LINE DECODER 


SN7442N 


' E13 




•3 


3 


9 


QUAD 2-INPUT NOR GATE 


SN7402N 


E10,l6,23 




P 


2 


8 


DUAL D FLIP FLOP 


SN7474N 


E9,37 




2 


2 


7 


DUAL ONE SHOT 


9602(DM8602N) 


E8,45 






. 3 


6 


4 BIT BINARY COUNTER 


SN7W3N 


E7,22,27 




2 '' 


1+ 


5 


EPROM 256 X 8 BIT 


MM1702A 


E6, 12, 20, 35 




2 


2 


4 


8-INPUT NAND GATE 


SN7420N 


e4,24 




1 


1 


3 


PERIPHERAL INTERFACE ADAPTER 


MC6820 


E3 




8 


8 ! 


2 


4K DYNAMIC RAM MEMORY 


ZA02H8 


E2, 5, 11, 17,19, 26, 34, 36 




2 


? t 


1 


TRI-STATE HEX INVERTER 


DM80 9 &M 


El, 33 
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G ASSEMBLY INSTRUCTIONS 
G.l KIT ASSEMBLY INSTRUCTIONS 
G.1.5 ASSEMBLY INSTRUCTIONS FOR SIM/l BOARD 



Ik PIN SOCKET INSERTION - Place lU pin sockets in positions XI, X2, 

X3, X2U, X25, and X6 on board. Place 2^ pin sockets in the following 

positions depending on options purchased. 

Modem option - E3*+ 

Cassette 1 - E19 

Cassette 11 - E32 

Extra EPROM - E3 

Solder carefully in place verify good solder connections . 



DIODES AND RESISTORS - Carefully bend leads of the diodes and resistors 
to required lengths one by one and mount as shown by Parts List and/or 
Layout Diagram. Solder carefully into place. Verify resistor values 
and placement carefully. Due to the many options on this board and 
the number of descrete components, great care must be used in 
determining which sections to build up. R7^ is used as a trimmer 
value to establish accurate frequency rates. See Description of 
Options . 

TRANSISTOR MOUNTING - Ql, Q2, Q>, and Q5 are plastic packages 
associated with the two cassette interface sections, these h 
transistors mount with the flat side (top view) facing to the right 
of the board (X1-X6 at the top). Q3 has a triangular lead configuration 
and mounts in the normal manner. Solder all transistors in place care- 
fully. You may leave the cases above the board as much as l/U inch. 

CAPACITOR MOUNTING - Most capacitors on a digital logic board are 
associated with noise bypassing on the power supply lines. This 
board has several capacitors for this purpose; however, many others 
are associated with timing functions and active filter sections , 
and the values and types used are more critical. Follow the Layout 
sheet and/or Parts List carefully. For better modem operation at 
600 Baud, use good temperature compensated capacitors for C28, C29 5 
C30, and C31. At the standard preselected 300 Baud rate, these 
values are not so critical. C^7 and Ckd are critical to establish 
the basic frequency of the Baud rates. These two capacitors should 
have reasonable temperature and tolerance specifications for tele- 
type operation. 

CRYSTAL MOUNTING - Place the lmHz crystal in the two holes by 
' "XTAL". Leave the case about l/U" to l/l6" above the board. 
NOTE: Ignore the dash line jumper option directly under the crystal. 
A future design will feature crystal controlled CPU clocks and a 
lmHz signal will be brought across the address bus line X2-11. At 
that time, this crystal will be omitted and the jumper added at the 
factory. Also at that time, R7 1 *, R75, CU7, CU8, and EU3 will be 
eliminated. The dashed lines in the lower left corner will be used 
to select either 625kHz (divides down for 300 Baud rate) or U55kHz 
(divides down to 110 Daud rate for teletypes). These two frequencies 
will be on the address bus lines Xl-8 and 9 respectively. 
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G ASSEMBLY INSTRUCTIONS 
G.l KIT ASSEMBLY INSTRUCTIONS 
G.1.5 ASSEMBLY INSTRUCTIONS FOR SIM/l BOARD cont'd 

TRIMPOT MOUNTING - Place the trimpots in R20 and R63 in the 3-hole 

pattern provided. These are the key adjustment elements to get the 
cassette interface to operate satisfactorily. 

INTEGRATED CIRCUITS - The integrated circuits may now be soldered 

~ into place. See Layout Sheet and/or Parts List for placement. The 
2k pin chips need not he removed from their packages until the assembly 
is complete and the initial power on tests are run. The only other 
chips requiring careful handling are the 1+000 series CMOS. See 
General Solder Instructions at the beginning of Appendix G. 

RELAY MOUNTING - Mount and solder the three relays into positions 

Kl, K2, and K3. Be sure the SPDT type goes into K3 on the lower 
right side of the board. Kl and K2 are identical SPST contacts. 

OPTION SELECTION AND SET UP 

BOARD ADDRESSING - In the center of the upper left quadrant are 

three address lines that provide for 8 unique binary board addresses. 
Al, A2, and A3 are prestrapped to address the top ACIA (asynchronous 
communications interface adaptor), E19, as address F050 in HEX 
notation. This automatically places the bottom ACIA, E32, at address 
F060. If a second SIM/l board is used, the etch by Al should be 
cut and a jumper placed across the dotted lines. This moves the 
ACIA addresses up to F052 and F062. In a like manner, A2 could be 
changed (cut etch and add jumper) instead of Al with the resulting 
change in addresses to F05*+ and F06U. The ultimate selection would 
be with all three addresses changed (etches by Al, A2, and A3 cut 
and jumpers soldered in place). This would place the ACIA's respec- 
tively at F05E and F06E. 

NOTE: The PROM socket at E3 is not selectable and will respond to 
FB00 through FBFF only. If a second board is added, E3 must be left 
open or else you will have two PROM's residing at the same address 
and your system will falter. However, you may select any of the 
addresses for your cassettes or modems and/or use the PROM on any 
one of the boards. It will still reside at the addresses just below 
the h PROMs on the CPU/2 board. 



G-lU 



G ASSEMBLY INSTRUCTIONS 
G.l KIT ASSEMBLY INSTRUCTIONS 
G.1.5 ASSEMBLY INSTRUCTIONS FOR SIM/1 BOARD cont'd 



NOTE: ALL OPTION SETUP PROCEDURE ARE BASED ON P.C. BOARD IN 
ORIGINAL STATE. 

TELETYPE OPTION - First select 110 "baud rate clock at the bottom 
'left of the board. To do this cut the etch on 300 and add a jumper 
to 110/150 selection. Then add jumper TTY1 in the Lower Left hand 
corner of the Board above EU3. With a scope probe at the 9600 baud 
rate node above Ekh , select R7*+ to yield a 2.18 us period as close 
as possible. R7U will normally exceed 9 IK if needed at all. Next 
cut the etch at TTY2 to the right and below E28 (or remove the modem 
chip E3*0 and put in the jumper across the dotted lines. This 
ground will let the ACIA begin operations. The data input will be 
wire or'd with the RS232, modem, cassette, TTL direct, and 20 ma. 
TTY current loop. Since most of these inputs normally hold the 
receive data line low, some of them must be jumpered out. 



For the Teletype option, add jumpers RS232 and TTL by above E5 and 
below E13 respectively. The 20 ma will NOT be jumpered. 

MODEM OPTION - If a modem option was not purchased, you will 
not have parts for the right hand 1/3 of the board. If you 
desire modem operation and have assembled this section, the 
following jumpers and cuts will be needed: put in the 20 ma, 
RS232, and TTL jumpers by or below X35. Verify a 1.6 microsecond 
period at the 96OO Baud rate node with a scope (lower left corner 
of the board) R7I+ may be changed to insure a I.58 to 1.62 microsecond 
period. The board comes set for 300 Baud modem operation in half 
duplex. Connect X25-8 to another boards' X25-1 and vice versa to set 
up the two way lines. Now decide if your board is to be the originate 
or answer modem. If you are initiating the call, ground the switch 
hook signal (SH is on X25-11). If you are receiving the call, ground 
the ring indicator (RI is on X25-2). 

If you wish to use an acoustic data coupler (Full duplex), the 
following additional jumpers must be set up: DCP1 is cut and a 
jumper put along the dotted line. DCP2 and DCF3 are set up the 
same way. Now X25-3 is the data line (DL) and ground is X25-5 and 
X25-1U (DR and GND). The OFF hook and Data Answer are on X25-4 
and 12 respectively. X25-6 is for TV. 

To operate at 600 Baud, change the jumper on Baud Rate from 300 

(cut etch) to 600 and make the cut and jumper change at 300/600 

by the crystal. If a modem -is not used (i.e. cassette #1 or 

teletype, etc. are used), it is best not to put the modem MC6860 

on the board. 

There are no tune-up pots on the modem section. If the filter sections 

are carefully assembled, it should run with less than .0001* error at 

300 baud and about .001$ errors at 600 baud. Excessive errors are 

normally caused by resistor values outside the 1% range, or capacitors 

outside their 3% tollerance range. 
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G ASSEMBLY INSTRUCTIONS 
G.l KIT ASSEMBLY INSTRUCTIONS 
G.l. 5 ASSEMBLY INSTRUCTIONS FOR SIM/l BOARD cont'd 

CASSETTE #1 OPTION - To use ACIA #1 (E19) as a cassette interface, 



you must insert Jumpers 20 ma, RS232, TTL, CAS 1, CAS RXC, and 
CAS TXC. These latter 2 jumpers require 2 etch cuts while the 
former 3 are jumpers only. See description of cassette 11 for 
tune up involving the Trimpot R20. 

X2U-1 is the connection from the recorder output or "Earphone" jack. 

X2U-13 is the connection to the recorder input or "mike" jack. 

X21+-7 is ground. 

X2U-1| and 5 are the relay contacts to control the cassette on/off function. 

X21+-10 will provide 2k ma of +12 volts to drive a separate relay to 

control the AC power line if necessary. 

Jumper TTY 2 by E32 must be added and the modem chip (MC6860) E3U 
must be removed. Keep E3U safe in conductive foam when not in use. 

_SEC0ND CASSETTE INTERFACE OPTION - E32 and the associated circuitry 
is also designed for a 300 baud "Kansas City" standard cassette interface 
and plays no part in teletypes or other serial interfaces. If your 
Kit has this option, you will have the following parts to be added, 
otherwise leave these items open and build the other sections of the 
board. 

E27, 28, 29, 30, 32, 33, 39, Uo, 1+7, ^8, 

Rl+8, 1+9, 50, 51, 52, 53, 5k, 55, 56, 57, 62, 6k, 65, 66, 79, 80, 81, 8.. 

C37, 38, 39, ho, 1+1, 1+2, 1+3, hk, 5k , 56, 57, 58 

Q>, Q5 

Potentiometer R63 

Note that E38, R76, R77, C50, and C51 comprise the 300 baud rate 

clock for both cassette sections and must be included unless no 

cassettes are to be used. 

JTUNE UP - R63, (R20) the variable TRIMPOT must be set carefully for 
error-free cassette operation. One procedure is to look at the 
collector of Q5 (Q2 on cassette #1) with a scope. Set the vertical 
on 1 volt/division with the base line 2 1/2 volts below the center 
(when grounded). Now begin to receive from a cassette and select 
the time base such that several bits (0's and l's have slightly 
diffent amplitude as well as density on the screen) are present. 
Now vary the Pot until the tops of the high amplitudes bits are 
above the center line and the tops of the low amplitude bits are 
below the center line. This should be very close for good data 
transmission. 

X21+-11 is the input from the cassette recorder ("Earphone") jack. 

X21+-12 is the output to the recorder "Mike" or "Aujc" jack. 

X21+-7 is GROUND for the earphone and AUX 

X21+-2 and 3 are the contacts of a 10 watt relay to control the 

recorder on/off jack. 

X2I4-IH will provide 2k ma of +12v to drive a separate relay if the 

small on board relay can not handle your load. 
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G ASSEMBLY INSTRUCTIONS 

G.l KIT ASSEMBLY INSTRUCTIONS 

G.1.5 ASSEMBLY INSTRUCTIONS FOR SIM/l BOARD cont'd 



PARTS LIST 



12 



T^^^^-J 



1 



1 



SCHEMATIC 



PRINTED CIRCUIT BOARD 



D000023 



E000024 



CRYSTAL 



1MHZ 



RELAY 



XTAL 



220-001-12 



RELAY 



K3 



220-100-12 



TRANSISTOR 



TRANSISTOR 



2N2369 



K1,K2 



TRANSISTOR 



MPS6521 



03 



CAPACITOR, luf 



MPS6523 



Q2,Q5 



Q1,Q> 



CAPACITOR, lOOpf 600V NPO DTZ-100 

CAPACITOR, 33pf 1KV DD-101 

CAPACITOR, klOyt 1KV DD-1+71 



C59,60 



CU8 



Ch-J 



C2U,56 



CAPACITOR, . Oluf 150V C15,l6, 18, 20 ,22,25 ,28-33, W ,W, 50, 51 ,53,: 



CAPACITOR,: IQOuf 10V 



CAPACITOR , . . 0062uf 1KV 
CAPACITOR, lOOpf 1KV 



AE0062 1KV 



C12 



CAPACITOR, U7uf l6V 



DD-101 



C9,W 



CAPACITOR, .001 1KV 



EKU7116 



C8,U3,52 



DD-102 



C7, 10, 11, 35,^2 



C5,6,W,Ul 



CAPACITOR, .Ql47uf 50V AE.OVfM 50V CU,39 



CAPACITOR, .0015uf 1KV 
CAPACITO R, .Vfuf 16 V 



DD-152 



C3,38 



CAPACITOR, .luf 50V 



C2,37 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



RESISTOR 



680ohm 1/W 



1.5K 1/W 



CI, 13, 1^17,21,23,26, 27, 3U, 36, W, 55, 58, 61, 62~ 
RC07GF681 R89 



RC07GF152 



R83-85 



97 ..6K 1/W 1% 



RC07GF(SEL) R7U 



255K 1/W 1% 



R73 



8.87K 1/W 1% 



R72 



95-3K l/W 1% 



R 71.75 



6l9o?im 1/W 1% 



R70 



330K 1/W 



1-MEG 1/W 



RC07GF33^ 



R69 



R59 



237K 1/W 1% 



RC07GF105 



R58,60 



I.2I4K 1/W 1% 



RVf 



8 . 66k 1/W 1% 



Rk6 



21. 5K 1/W 1% 



RU5 



8U5ohm 1/W 1% 



Ehk 



210K 1/W 1% 
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ACCESS TIME 
The time interval between the instant when a control unit or computer 
calls for a transferor data to or from a storage device and the instant 
when this operation is completed. 

ADDRESS 
A name, numeral, or other reference designating a particular location in 
storage or some other data source or destination. The operand part of 
an instruction To call a specific piece of information from the memory 
or to put it into the memory. 

ALGORITHM 
A set of well-defined rules for solving a problem in a finite number 
of steps. A sequence of formulas to calculate a given task. 

ALPHANUMERIC 
Pertaining to a character set including both alphabetic characters 
(letters) and numeric characters (digits.) . Most alphanumeric character 
sets also contain special characters (commas, dollar signs, etc.). 

APPLICATION PACKAGE 
A routine or set of routines of a computer designed for a specific 
application (e.g., online savings accounting, inventory control, linear 
programming, etc . ) . 

ASCII (American Standard Code for Information Interchange) 
A T-bit (or 8-bit compatible) USA standard code adopted to facilitate 
the interchange of data among various types of data communications and 
data processing equipment. 

ASSEMBLER 
A computer program that assembles programs that are written in symbolic 
coding to produce machine language programs. 



BATCH PROCESSING 
A technique in which items to be processed are collected into groups 
(batched) to permit processing. This technique is used to optimize 
machine usage efficiency as apposed to the user's efficiency. 

BAUD 
A unit of signaling speed equal to the number of discrete signals per 
second. 

BAUDOT CODE 
A 5-bit code used in telegraphy, consisting of a start impulse and five 
character impulses. This code has been used for more than 100 years and 
still widely used in data communications and punched tape. 
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BCD (Binary Coded Decimal) 
Pertaining to a system of representing each of the decimal digits zero 
through 9 by a distinct group of binary digits. For example, in the 
"8-U-2-1" BCD notation, which is used in many digital computers, the 
decimal number 39 is represented as 0011 1001 (Whereas in pure binary 
notation it would be represented as 100111). 

BINARY 
Pertaining to a numbering system with a radix of 2, or to a property or 
a characteristic involving a condition or choice in which there are two 
possibilities. For example, the binary numeral 1101 means: 

(1 X 23) + (1 X 2 2 ) + (0 X 2 1 ) + (1 X 2°) 
which is equivalent to decimal 13. 

BIT 
A binary digit; a digit (0 or l) representing a number in binary notation. 

BRANCH 
(l) Sam as conditional transfer. (2) A machine instruction that is 
executed between two successive conditional transfer instructions. 

BREAKPOINT 
A specified point In a program where the program may be interrupted by 
a monitor routine or by manual intervention. 

BUFFER 
A storage device used to compensate for the differences in rates of flow 
of data or in the times of occurence of events when transmitting data from 
one device to another. A buffer holding the characters to print one line 
is associated with most line printers to compensate for the difference 
between the high speed at which the computer transmits data to the printer 
and the low speed of the printing operation itself. 

BUG 
Any mechanical, electrical or electronic mistake in the design of a 
program or a computer system. 

BYTE 
A group of adjacent bits operated on as a unit and usually shorter 
than a word. In several important current computer systems, this term 
stands specifically for a group of eight adjacent bits that can rep- 
resent one alphanumeric character or two hexadecimal digits. 



CALL 
In computer programming, a branching or transfer of control to a subroutine, 
usually by supplying the required parameters and executing a jump to the 
entry point of the subroutine. 

CALLING SEQUENCE 
A basic set of instructions and data necessary to call a given subroutine. 
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CATHODE RAY TUBE 
An electronic vacuum tube containing a screen on which information can 
be stored or displayed. The abbreviation CRT is often used. 

CENTRAL PROCESSOR 
The unit of a computer system that includes the circuits which control 
and perform the interpretation and execution of instructions. Synonymous 
with CPU (central processing unit) and main frame. 

CLOCK 

(1) A time-keeping device within a computer system that generates trie 
basic periodic signal used to control the timing of all operations. 

(2) A device that records the progress of realtime, or some approximation 
of it, and whose contents are available to a computer program; the clock 
may also be capable of initiating a program interrupt when a specified 
period of time has elapsed. 

COBOL (Common Business Oriented Language) 
A procedure-oriented language designed to facilitate the preparation 
and interchange of programs which form business data processing function;: 
Every COBOL Source program has four divisions, whose names and functions 
are as follows: (l) Identification Division, identifying the source 
program and the output of a compilation, (2) Environment Division, 
which specifies aspects of a data processing problem that are dependent 
upon the physical characteristics of a particular computer, (3) Data 
Division, describing the data that the object program is to accept as 
input, create, manipulate, or produce as output, and (k) Procedure ^ 
Division, which specifies the /procedures to be performed by the object 
program, by means of English-like statements. 

CODING 
The act of preparing in code an ordered list or lists of the successive 
instructions which will cause a computer to perform a particular process. 
See also absolute coding and symbolic coding. 

COMPILE 
To prepare a machine language program, or a program expressed in symbolic 
coding from a program written in another programming language (usually 
a procedure-oriented language such as COBOL or FORTRAN). This process 
usually involves examining and making use of the overall structure of 
the program and/or generating more than one object program instruction 
for each source program statement. A computer program more powerful 
than an assembler. Contrast with assemble and generate. 

COMPILER 
A computer program that compiles and is more powerful than an assembler. 
It can replace certain items of input with series of instructions. 
Compilers permit the use of procedure-oriented languages which greatly 
reduces the human effort required to prepare computer programs. 



H-3 



H GLOSSARY cont'd 

CONDITIONAL TRANSFER 
An instruction that may or may not cause a jump or skip to another 
preset instruction from the normal sequence of executing instructions. 
This depends upon the result of some operation, the contents of some 
register, or the setting of some indicator. Contrast with unconditional 
transfer. 

CONSOLE 
A portion of a computer where the control keys and certain special devices 
are located. It is used for communication between operators and the 
computer, usually "by means of displays and manual controls. 

CONVERSATIONAL MODE 
A mode of operation that communicates between a computer and its user, 
in which the computer program examines the input supplied by the user and 
formulates comments or questions which are directed back to the user. 

CPU (Central Processing Unit) 
The central processor of a computing system containing the main storage, 
arithmetic unit, and special register groups. 

CRT 
Cathode ray tube display device. An electronic vacuum tube containing 
a screen on which information may be stored. 

CYCLE TIME 
The minimum time interval between the call for, end the delivery of 
information from a storage unit or device. 



D. 



DATA BASE 
Data items or information on which operations and conclusions can be 
based. This set of data is internally accessable to the computer and 
on which the computer performs. 

DEBUG 
To locate and eliminate mistakes in a computer program or faults in 
equipment. If program does not work properly, the mistakes must be 
traced to their source and corrected. 

DEMODULATOR : 

A device that receives signals from a transmission circuit and converts 
them into electrical pulses, or bits, that can serve as inputs to a data 
processing machine. 

DIAGNOSTIC ROUTINE 
A routine designed to locate a malfunction in a computer, also to aid 
in locating mistakes in a computer program. 

DIGITAL COMPUTER 
A computer that operates by using numbers to depict all the quantities 
and variables of problems. 



K-k 



H GLOSSARY cont'd 



DUMP 
By accident or intention to withdraw all power from a computer. To 
record the contents of a set of storage locations at a given instani 
of time, aiding in detecting program mistakes. To transfer part or 
all of the contents of one section of computer memory into another 
section. 



E. 



EBCDIC (Extended Binary Coded Decimal Interchange Code) 
An 8-bit code that represents 256 numbers, special characters and unique 
letters, and is the principal code used in many of the current computers 

EDIT 
To modify the form or format of data. May involve the rearrangement 
of data, the addition of pertinent date, the deletion of unwanted dat^, 
code translation, and the controls of layouts for printing. 

EFFECTIVE ADDRESS 
The address derived by performing any specified address modification 
operations (e.g., indexing) upon a specified address (called the 
presumptive address) and that is actually used to identify the 
current operand. 



FILE 
A collection of related informational records similar to one another 
in purpose, form, and content, usually arranged in sequence according 
to a key contained in each record. A record is a collection of related 
items; an item is an arbitrary quantity of data that is treated as a 
unit. In payroll processing, an employee's pay rate is an item; a 
group of items relating to one employee is a record, and the complete 
set of employee records is a file. 

FIXED-LENGTH RECORD 
A record containing the same number of characters. The restriction 
may be deliberate, in order to simplify and speed processing, or it 
may be dictated by the characteristics of the equipment used. Contrast 
with variable-length record. 

FIXED POINT 
Pertaining to a number system in which all numerical quantities 
are expressed by a predetermined number of digits, and the point is 
implicitly located at some predetermined position. Contrast with 
floating point. 

FLOATING POINT 
Pertaining to a form of number system in which each number is represented 
by two sets of digits, of which the fixed-point part represents the 
significant digits and the exponent indicates the position of the radix 
point. The number represented is equal to the fixed-point part multiplied 
by the radix (base i.e., binary decimal) raised to the power of an exponent 
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FLOWCHART 
A diagram to represent, for a problem, by means of symbols and inter- 
connecting lines, the flow of data, procedures, documents, methods, 
equipment , machine instructions , etc . 

•FORTRAN (FORmula TRANslator) 
A programming system, including a procedure-oriented language which 
is designed to facilitate the preparation of computer programs that 
perform mathematical computations. 

FULL DUPLEX 
Pertaining to a two-in-one situation, where a channel provides 
simultaneous, independent transmission of data in bo~;h directions over 
a communications link. Synonymous with duplex. Contrast with half 
duplex and simplex. 



HALF DUPLEX 
Pertaining to a system that permits electrical communications in only 
one direction at a time over a communications link. Contrast with 
full duplex and simplex. 

HEXADECIMAL 
Pertaining to the number system with a radix of 16, or to a characteristic 
or property which involves a choice or condition with 16 possibilities. 

HIGH ORDER 
Pertaining to the digit or digits of a number that have the greatest 
weight or significance; e.g., in the number 5U166, the highest order 
digit is 5; the lowest order digit is 6. Contrast with low order. 



IMMEDIATE ADDRESS 
An instruction whose address part contains, rather than its address, 
the value of an operand. Thus, an "immediate address" is not an address 
at all, but an operand as part of an instruction.. 

INDEX REGISTER 
The contents of the index register can be added to cr subtracted from 
an address prior to or during the execution of an instruction. 

INITIALIZE 
To establish the variable items of a process at initial values before 
the process is started; e.g., to set indicators, addresses, and counters 
to the appropriate starting value at prescribed points of a computer 
program. 

INPUT /OUTPUT (I/O) 
A general term for the techniques, media, and devices used to communicate, 
with data processing equipment and for the data involved in such 
communications. Transmitting information from an external source to the 
computer or from the computer to an external source.. | 
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INSTRUCTION 
A coded program step that specifies an operation to be performed by 
the computer, and usually, the value or locations of one or more of 
its operands. 

INTEGRATED CIRCUIT 
A complete, complex electronic circuit, capable of performing all of 
the functions of a conventional circuit. It contains many discrete 
transistors, diodes, capacitors, and/or resistors, whose component 
parts are fabricated and assembled in a single integrated process. 
If the resultant assembly is disassembled, it would be destroyed. 

INTERFACE 
A shared boundary between two systems , or between a computer and one 
of its peripheral devices. 

INTERPRETIVE ROUTINE 
A routine dealing with the execution of a program by translanting 
each instruction of the source language into a sequence of machine 
instructions and immediately executing them before translating the 
next instruction. Each instruction must be translated every time 
it is to be executed. 

INTERRUPT 
A signal, condition, or eveirc that causes an interruption in the 
normal flow of a system or routine; e.g., detection of incorrect 
parity, completion of an input or output operation, or an attempt 
to execute an illegal instruction or to write in a protected location 
This is accomplished so that the flow can be resumed at a later date 
from that point. 



KEY 
One or more characters associated with a particular item or record 
and utilized in identifying that item or record, especially in collating 
or sorting operations. The key may or may not be attached to the item 
or record it identifies. 



LABEL 
A name attached to or written alongside the entity it identifies; e.g. 
a name written beside a statement on a coding sheet, or a key that is 
attached to the record or item it identifies. 

LOADER 
A service routine designed to read programs into internal storage 
to prepare for their execution. 

LOOP 
A series of instructions that can be executed repetitively, usually 
with modified data values or modified addresses. Each repetition is 
called a cycle. A cycle continues until a specified criterion is 
satisfied (e.g., until a counter reaches a predetermined value). 
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LOW ORDER 
Pertaining to the digit or digits of a number that have the least 
weight or importance; e.g., in the number 1+2675 the low order digit is 5« 



MACHINE INSTRUCTION 
An instruction that a computer can directly recognize and execute. 

MACHINE LANGUAGE 
A language that is used directly by a computer. A set of characters, 
signs or symbols and the rules for combining them, that conveys instructions 
or information which a computer can directly recogni2;e and execute, and 
which will cause it to perform a particular process. 

MACRO INSTRUCTION 
An instruction written in a machine-oriented language. It has no 
equivalent operation in the computer and is replaced in the object 
program by a predetermined set of machine instructions. This 
instruction has the capability of generating more than one machine- 
language instruction. 

MESSAGE SWITCHING 
A technique within a data communications network of receiving a message 
from various sources at a switching center, storing it until the proper 
outgoing communications link is available, and the ultimate retransmissiq 
of each message. 

MICROPROGRAMMING 
The technique of operating the control unit of a computer in which 
each instruction, instead of being used to initiate control signals 
directly, starts the exectuion of a sequence of "micro instructions" 
at a more basic elementary operation level. The Micro instructions 
are usually stored in a special read-only storage unit. 

MICROSECOND 
One millionth of a second. 

MILLISECOND 
One thousandth of a second, abbreviated msec, or ms . 

MNEMONIC 
Pertaining to a technique used to assist the human memory. 

MODEM (MOdulator-DEModulator) 
A device that converts data from a form which is compatible with a 
data-processing machine or system to form that is compatible with 
transmission facilities, and vice-versa. 

MODULATOR 
A device that receives electrical pulses, or bits, from a data 
processing machine and converts them into signals that are suitable 
for transmission over a communications link. 
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MULTIPLEX 
The process of transmitting two or more messages simultaneously over 
a single channel or other transmission facility. This can be 
accomplished either by splitting the channel's frequency band into 
two or more narrower bands ("frequency-division multiplexing") or 
by interleaving the bits , characters , or words that make up the 
various messages ("time-division multiplexing"). 

MULTITASKING 
A technical process for handling two or more independent programs 
simultaneously by over lapping or interleaving their execution. The 
overlapping or interleaving of the execution of the various programs 
is usually controlled by an operating system which attempts to 
optimize the overall performance of the computer system in accordance 
with the prority requirements of the various jobs. 



NANOSECOND 
One billionth of a second, abbreviated nsec. or ns , 



OBJECT LANGUAGE 
A machine-language that is an output from a translation process. Contrast 
with source language. 

OBJECT PROGRAM 
A program expressed in an object machine-language (e.g., a machine- 
language program that can be directly executed by a particular computer.) 

OCTAL 
Pertaining to the number system with a radix of 8 or to a characteristic 
or property involving a condition or choice in which there are eight 
possibilities. 

OFFLINE (or OFF-LINE) 
Descriptive of the equipment or devices that are not in direct 
communication with the central processor of a computer system. 

ONLINE (or ON-LINE) 
Descriptive of the equipment or devices that are in direct communication 
with the central processor of a computer system. 

OPERAND 
A unit of data upon which an operation is performed. An operand 
of a computer instruction may be an argument, a result, a parameter, 
or indication, of the location of the next instruction. 

OPERATING SYSTEM 
An organized collection of procedures and routines for operating a 
computer. These procedures and routines will normally perform some 
or all of the following functions: 
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(1) scheduling, initiating, loading, and supervising the execution 
of programs ; 

(2) allocating storage, input/ouput units, and other facilities of 
the computer system; 

(3) initiating and controlling input/output operations; 
(k) handling restarts and errors; 

(5) coordinating communications between the computer system and the 
human operator; 

(6) maintaining a log of system operations, and 

(7) controlling operations in a multiprocessing, multiprogramming, 
or time-sharing mode. 

OPERATION CODE 
A code used to represent the specific operations to be performed by 
a computer. 

OVERFLOW 
In an arithmetic operation, the generation of a quantity beyond 
the capacity of the register or storage location which is to 
receive the result; information contained in an item of information 
which is more than a given amount. 



PARITY BIT 
A bit (binary digit) added to a group of bits to make the sum of 
all the 1-bits in the group either always even or always odd. 
For example : 



Data bits 



Even 


parity 





1 1 





1 





1 





1 1 





1 1 


1 


1 



Odd 


parity 





1 1 





1 





1 





1 1 





1 1 


1 


1 





1 



Parity bit 10 1 

PATCH 
To correct a mistake or modify a program in a rough or expedient way 
by adding new sections of coding. 

PERIPHERAL EQUIPMENT i 

The input/output units and secondary storage units used in combination 
or conjunction with the computer, but are not part of the computer itself. 

PROGRAM 
(l) A plan for automatically solving a problem. (2) To devise a plan 
for solving a problem. (3) A computer routine, i.e., a set of 
instructions of steps arranged in proper sequence telling the computer 
to perform a particular process. (h) To write a computer routine. 
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PROGRAMMER 
A person who devises programs for a computer. 



RANDOM ACCESS 
Pertaining to a storage device whose access time is not dependent on 
the location of the data to be accessed; thus, any item of data which 
is stored online can be accessed within a relatively short time (usually 
less than one second). The machine can proceed directly to the desired 
memory location, thus, no search is required. 

READ-ONLY MEMORY 
A storage device that stores data into which data cannot be written 
or altered by the computer with which it is used. 

REALTIME (or REAL-TIME) 
(l) Pertaining to the actual time during which a physical process, 
event, problem, or communication takes place. (2) Pertaining to fast- 
response online computer processing, which obtains data from an activity 
or a process, performs computations, and returns a response rapidly 
enough to direct, control, or influence the outcome of the activity or 
process. For example, realtime operation is essential in computers 
associated with process control systems, message switching systems, 
and reservation systems. 

RECORD 
A collection of items of data that are related. 

REENTRANT 
Pertaining to a routine that can be used by two or more independent 
programs at the same time, enabling interruption at any point by 
another user and then resumed from the interruption point. The 
reentrant routine cannot modify the contents of any of its own 
locations, and that any required temporary storage must be supplied 
along with each program using the reentrant routine. 

REGISTER 
A device capable of storing a specified amount of data, such as one 
or more computer word, and usually intended for some special purpose. 

RELATIVE ADDRESS 
An address (usually contained in an instruction) that is combined with 
a base address forming the absolute address of a particular storage locatic: 

RELOCATABLE CODING 
Coding existing in a form that permits it to be executed and leaded 
in any available region of a computer's internal storage. 

REPORT PROGRAM GENERATOR (RPG) 
A generator that is designed to construct programs that perform 
routine report-writing functions ; e.g. , to accept input data from 
magnetic tape or punched cards and produce printed reports, often 
with headings, subtotals, etc. 
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ROUTINE 
A sequence of machine instructions causing a computer to perform a 
particular process. 



SERIAL 
The internal handling of the elements of a word or message (e.g., the 
bits or characters) one after another. Contrast with parallel. 

SOFTWARE 
A collection of programs and routines associated with a computer 
(including assemblers, compilers, utility routines, and operating 
systems) professionally prepared to simplify the programming and 
operation of the computer. Contrast with hardware. 

SOURCE LANGUAGE 
A language that is used to specify computer processing; translated 
into object language by a compiler or an assembler. Contrast with 
object language. 

SOURCE PROGRAM 
A program written in other than machine language that, must be 
translated into machine language before use (e.g., written in COBOL, 
FORTRAN, or symbolic coding for input to a compiler or assembler). 

SPECIAL CHARACTER 
A character that is neither a digit nor a letter; it may be a 
punctuation mark or a character that causes a particular operation 
to be performed. 

STATEMENT 
In computer programming, a generalized instruction oi' meaningful 
expression in a programming language. 

SUBROUTINE 
The sequence of machine instructions that complete the carefully 
defined function or program. A routine that can be part of another 
routine. An open subroutine is inserted directly into a program 
at each point where it Is to be used. A closed subroutine is 
stored in one place and connected to the program by neans of linkage 
at one or more points in the program. 

SYMBOLIC ADDRESS 
An address expressed in symbols for the convenience of the programmer, 
which must be translated into an absolute address (usually by an 
assembler) before i; can be interpreted by a computer. For example, 
the storage location that holds an employee's net pay might be 
assigned the symbolic address NPAY. 

SYMBOLIC CODING 
Pertaining to a coding system that uses machine instructions with 
symbolic addresses. Contrast with absolute coding and relative coding. 
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SYSTEM 
An arrangement or set of entities that forms, or is considered as, 
an organized whole. 

SYSTEM ANALYSIS 
The examination of a procedure, activity, method, technique or 
business to determine what needs to be done and how it can best be 
accomplished. 



THROUGHPUT 
The total amount of productive work performed by a data processing 
system during a given period of time. 

TIME SHARING 
(l) The use of a given device by a number of other programs, devices, 
or human users, one at a time and in rapid succession. (2) A system 
or technique of furnishing computing services to many users simultaneously, 
providing rapid responses to each of the users. 

TRACE ROUTINE 
A diagnostic routine that is designed to check or demonstrate the 
operation of a program; its output usually includes some or all of 
the instructions in the program being checked and the immediate 
results of those instructions, arranged in the order in which the 
instructions are executed. 



UNCONDITIONAL TRANSFER 
An instruction of basic importance that always causes a jump (i.e., 
a departure from the normal sequence of executing instructions). 
Contrast with conditional transfer. 

UTILITY ROUTINE 
A standard routine used to assist in the operation of a computer by 
performing some frequently required process such as merging sorting. 
data transcription, report program generation, file maintenance, etc. 



VARIABLE-LENGTH RECORD 
A record that may contain an unfixed number of characters . Contrasl 
with fixed-length record. 



WORD 
A set of bits or characters treated by the computer circuits as a 
unit and capable of being stored in one storage location. 
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H GLOSSAEY cont'd 



WORD LENGTH 
The number of bits that are in a word. 

WORKING STORAGE 
A storage section set aside by the programmer for use in the development 
of processing results, for temporarily storing results needed later in 
the program, for storing constants, etc. 
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J MEMORY MAP 

J.l ONE CARD COMPUTER 

RAM 

unused 1/2 PIA 

TTYPIA 

CPU ROM unused 
■ CPU ROM used 



0000-0FFF 
F0U0-F01+1 
F0^2-F0U3 
FC00-FDFF 
FE00-FFFF 



J. 1.1 EXTERNAL REFERENCES 

PCVAL 0FF1-0FF2 Address open in DEBUG 

XTMP 0FF3-0FFH Index register temporary storage 

XTMPDL 0FF5-0FF6 Index register save while in timing delay loop 

SHDWR 0FF7-0FF8 Hardware interrupt vector 

BRKADD 0FF9-0FFA Address where "breakpoint SWI is 

BRKSAV 0FFB Contents of what was where SWI is now 

TTYPID F0U2 Teletype data register 

TTYPIC F01+3 Teletype control register 

J. 1.2 ROUTINES 

CASC FE70 

CNTRLO FE68 

CI FFU8 

CO FETA 

CRLF FEAU 

DSPA FEAD 

DSPX FE96 

GDIGIT FF07 

INPCHR FEF2 

INPNUM FED2 

MSGOUT FE3C 

PCOM FE03 

SPACE FEBA 

J.l. 3 SETUP & INTERRUPT ADDRESSES 



HWI 

SWI 
NMI 
RESET 



0FF7 
¥E3h 

FE1E 
FEU8 



Stack pointer initialized to 0FF0 
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J MEMORY MAP 



J-2 FD5V3N and FDSV3D in SPHERE 310, 320 & 330 COMPUTERS 



RAM 

CRT/1 

KBD/1 in PDSV3D systems 

unused 1/2 PIA 

KBD/2 in PDSV3N systems 

unused 1/2 PIA 

Realtime clock reset 

SIM/1 first interface 

second interface 
SIM ROM 
CPU ROM 

J. 2.1 EXTERNAL REFERENCES 



TMP 

TMP1 

ARB 

ARA 

DIGIT 

CSTATS 

OUTEND 

BUFADR 

BUFEND 

unused 

OUTBUF 

unused 

SRCADR 

DSRADR 

unused 

ENDMEM 

CSRPTR 

BUFPTR 

BUFFLO 

BUFFHI 

SCNPTR 

SRCASM 

DSTASM 

ONDVAL 

SYMVAL 

BRKSAV 

unused 

BRKADR 

EDIT 

BLKNAM 

I0BUFF 

unused 

ACIANO 

NOPPNT 

unused . 

BFRPTR 

BFRSZE 



0000-0001 

0002-0003 

000H-0005 

0006-0007 

0008 

0009 

000A-000B 

000C-000E 

000E-000F 

0010 

0011-0012 

0013 

001^-0015 

0016-0017 

0018-0019 

001A-001B 

001C-001D 

001E-001F 

0020-0021 

0022-0023 

0024-0025 

0026-0027 

0028-0029 

002A-0023 

002C-002D 

002E 

00 2F 

0030-0031 

0032 

0033-003^ 

0035-0036 

0037 

0038-0039 

003A 

003B 

003C-003D 

003E-003F 



0000. 
E000- 
F000. 
F002- 
F01+0- 
F01+2- 
Y0kh 
F050- 
F060- 
FB00- 
FC00- 



-0FFF 
-1+FFF 
-E1FF 
-F001 
-F003 
-F01+1 
-F01»3 

-F051 
-F06l 

-FBFF 
•FFFF 



310 & 320 systems 
330 systems 

(present with KED/l only) 
(present with KBD/l only) 
PIA on CPU board 
PIA on CPU board 

320 & 330 systems only 

320 & 330 systems only 



Temporary storage, DO WOT USE when using PDS routines 

Temp, storage, DO NOT USE when using PDS routines 

Pseudo register (AR3=000^+, AR2=0005) 

Pseudo register (AR1=0006, ARO=0007) 

Temporary storage, DO NOT USE when using PDS 

Cassette status 

End of output buffer 

Start of 1/0 buffer 

End of 1/0 buffer 

Start of output buffer 

Source for byte move 

Destination address for byte move 

Last contiguous memory location 

Pointer to cursor location 

Pointer to character being displayed 

Pointer to top of low buffer 

Pointer to bottom of high buffer 

Fointer to scan beginning 

Beginning of assembler source code 

Beginning of assembler object code 

Operand value 

Symbol value 

Temporary storage for data displaced by SWI 

Address of breakpoint 
Non-zero if EDITOR is running 
Name for cassette block 
Temporary output editing area 

Address of ACIA being used for serial 1/0 
Non zero to display SIM 1/0 on CRT 

Start of serial I/O buffer 
End of serial 1/0 buffer 
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J MEMORY MAP 

J. 2 PDSV3N and PDSV3A in SPHERE 310, 320 & 330 COMPUTERS 
J. 2-1 EXTERNAL REFERENCES cont'd 

| SYMTBL 00U0-00BF Assembler symbol table 

' unused 00C0--0103 

' HWI vectored to 010*1-0107 

i NMI vectored to 0108-010B 

i Stack address 01FF 

CRT buffer E000-E1FF 



KBD data re 


gister 


F0U0* 


F000* 


control 


register 


F0Ul* 


F001* 


1/2 spare PIA data reg. 


F01*2* 


F002* 


control 


register 


F0it3* 


F003* 


Realtime clc 


ck reset 


F0U1+ 




SIM - ACIA 


DATA-CONTROL 







F050 F051 






1 


F060 F06l 






2 


F052 F053 






3 


F062 F063 






k 


F05U F055 






5 


F06k F065 






6 


F056 F057 






T 


F066 F067 






8 


F058 F059 






9 


F068 F069 






A 


F05A F05B 






B 


f06a f06b 






C 


F05C F05D 






D 


F06C F06D 






E 


F05E F05F 






F 


F06E F06F 






! ROUTINES 








ADD32 


FCD5 






ASCBIN 


FF22 






BINASC 


FF6'U 






CASIN 


F37E 320 8 


= 330 syst 


ems only 


CASOUT 


FB62 320 8 


: 330 syst 


ems only 


CLEAR 


FC3D 






CRLF 


FDlU 






DEBUG 


FE6U 






DIVIDE 


FFAF 






EDITIN 


FC75 






EDITOR 


FC67 







* F000-F003 is the PIA on the KDB/l module and is not present unless 
that board is present. If KBD/2 is used it plugs into the CPU 
board and uses the PIA on the CPU at addressees F0^0-F0i*3. The PIA 
on the CPU is spare if KBD/ I is used. NOTE : On CPU/2 boards the 
CA1 PIA control line is not present on connector XU, but is used 
by the realtime clock to make the interrupt; more selectable and 
is available only if the realtime clock is disconnected. 
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MEMORY map 










-.2 PDSV3N and 1 


PDSV3D in S 


PHERE 310 , 320 & 330 COMPUTERS 


J. 2. 2 ROUTINES 


cont 


•d 






EDITRD 




FC73 






GETCHR 




FC!+A 






HOME 




FC3T 






INPCHR 




FE71 






INPNUM 




FEEU 






INTLZC 




FB00 


320*"& 330 systems 


only 


LFTJST 




FCFD 






MULT 




FF93 






OUTSTR 




FD8E 






PNTBYT 




FF02 






PUTCHR 




FCBC 






RDBLK 




FB91 


320 & 330 systems 


only 


RDMOD 




FB93 


320 & 330 systems 


only 


REEDIT 




FC6F 






SUB32 




FCCB 






TRNOFF 




FBB0 


320 & 330 systems 


only 


TURNON 




FBTT 


320 & 330 systems 


only 


WRTBLK 




FB2D 


320 & 330 systems 


only 


WRTMOD 




FB2F 


320 & 330 systems 


only 


J. 2. 3 SETUP 


& INTERRUPT ADDRESSES 





HWI 010^ 

swi feUa 

NMI 0108 

RESET FC00 
Stack pointer initialized to 01FF 



J. 3 SDOS in SPHERE 3^0 SYSTEMS 



RAM. 

CRT/1 

KBD/l 

unused 1/2 PIA on KBD/l 

KBD/2 

unused 1/2 PIA on CPU 

Realtime clock reset 

Disk interface 

unused 1/2 PIA 

unused full PIA 

Printer interface 

CPU ROM 



0000-UFFF 

E000-E1FF 

F000-F001 

F002-F003 • 

F0U0-F0U1 , 

F0U2-F01+3 

F0UU 

F080-F083 & F086-F087 

F08U-F085 

F088-F08B 

F08C-F08F 

FC00-FFFF 



(present on KBD/l only) 
(present on KBD/l only) 
PIA on CPU board 
PIA on CPU board 

on PT.M board 
on PIM board 
on PIM board 
on PIM board 



J. 3.1 EXTERNAL REFERENCES 

A complete list is not currently available. 
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J MEMORY MAP 
J. 3 SD03 in SPKERI 



3^0 SYSTEMS 



J. 3. 2 ROUTINES 



CHEX 


FCFE 


CI 


FECA 


CLEAR 


FEAB 


CO 


FEE 5 


DEBUG 


FEFA 


INIT DISK 


FC59 


READ 


FD1B 


WRITE 


FD8E 



J. 3.3 SETUP & INTERRUPT ADDRESSES 

HWI 0002 

SWI FF06 

MMI 0000 

RESET FFF2 
Stack pointer initialized to- the top of contiguous 



memory 
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COMMENT FOR M 

Your comments are our most valuable input. Please 
let us know your feelings on this manual and make 
specific .comments. Limit comments and suggestions 
to this manual. Acknowledgements can not he made 
on an indlvidtial "basis. Mail to: 

SPHERE CORPORATION 
P. 0. Box 129 
Bountiful Utah 81*010 
Attn: DOCUMENTATION 



